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Tissue culturing has become one of the 
basic methods of present day experi­
mental biology. I t  is the purpose of 
the annual Conferences of the Euro­
pean Tissue Culture Society to promote 
the application of this method in the 
study of all kinds of cell-biological 
problems.
The papers in this volume are those 
of the first day of the 1971 meeting 
held in Budapest and all the contribu­
tions are dealing with the fine struc­
ture of cultured tissues and cells. The 
papers cover a wide range of experi­
mental work with objects like lympho- 
retieular cells, tum our cells, endocrine 
as well as plant cells. The results indi­
cate that irrespective of whether the 
original ultrastructure is retained or 
lost in culture, various functions char­
acterizing the cells i n  v ivo  are still 
apparent under i n  v itro  conditions. 
This symposium has been a further 
proof of the importance of the tissue 
culture method in studying the control 
of various vital functions on the cellu­
lar level. The electron micrographs 
presented are especially valuable to 
cytologists.
A K A D É M I A I  KI A D Ó  
Publishing House of the Hungarian Academy 
of Sciences, Budapest
S y m p o s i a  
B i o l o g i  ca 
H u  n g a r  i с a 
1 4
S y m p o s i a  B io lo g ic a  H  и n g a r i c a
R  e d i g i t





A KADÉM IAI KIADÓ, BUDAPEST 1972
U LT R A S T R U С T L R A L F E AT U R F S
O F  C E L L S
A N D  T I S S U E S  IN C U L T U R E
E d ite d  by
I. TÖRÖ
I )ep a r tm en t o f H isto logy  and  E m bryology , 
Sem m elw eis M edical U n ivers ity , B u d ap est
and
GY. RAP PA Y
In s ti tu te  o f E x p e rim en ta l M edicine, 
H u n g a rian  A cadem y o f Sciences, B u d ap es t
A KADÉM IAI KIA D Ó , BUDAPEST 1972
T he Sym posium  w as held on th e  1st d a y  o f th e  
M eeting o f th e  E u ro p ean  Tissue C u ltu re  Society 
in  B u d ap est, 4 th -6 th  M ay 1971
@ Akadém iai K iadó, B udapest 1972
Printed in Hungary
FO R EW O R D
This volum e contains th e  m aterial of th e  Symposium held a t th e  1971 
Meeting of th e  E uropean  Tissue Culture Society in B udapest. H ungarian  
histologists were greatly  honoured by  being able to  welcome this society 
of g reat repu ta tion  in H ungary. The Sym posium  offered a valuable occasion 
for presenting reports on the tissue cu lture research going on in our country  
and  for young H ungarian  research workers to  get a glimpse of curren t in te rn a ­
tional problem s of tissue cultivation.
E xperts  of tissue culture m ethods were inv ited  for the  first tim e to 
B udapest on the  occasion of the  In tern a tio n al Congress of Zoology in 1927. 
The first in terna tional m eeting of experim ental cytology was also p a r t  of 
th is congress. The tissue culture technique which had  already yielded 
valuable results was adopted  for th e  first tim e here in B udapest by  in te rn a ­
tional representatives of the  biological sciences. Tissue culture is today  
a widely accepted im p o rtan t m ethod, the  significance of which is duely 
reflected by  the  present Symposium.
We would like to  express our g ra titude for the  support g ran ted  by  the  
H ungarian  Academ y o f Sciences enabling us to  organize the  1971 M eeting 
of the  E uropean  Tissue Culture Society and  to  presen t the  m aterial of the  
Symposium  in this volume.
Our heartiest thanks are due to  all researchers and  organizers who have 
greatly  contribu ted  to  the  success of the Symposium. We are also indebted  
to  the  Publishing House of the  H ungarian  Academ y of Sciences for the  






LIST OF PA RTICIPA N TS
Á r o s , B.
D epartm ent of H istology, Semmelweis Medical U niversity , B udapest 
IX , Tűzoltó u tca  58, H ungary  
A s t a l d i, G.
The Blood R esearch F oundation  Center, M unicipal H ospital of Tortona, 
15057 Tortona, Ita ly  
B alázs, A.
In s titu te  of E xperim ental Medicine, B udapest V III, Szigony u tca  43, 
H ungary 
BÁNÓCZY, J .
In s titu te  of Oral and  Maxillo-facial Surgery, Semmelweis Medical 
U niversity , B udapest V III , M ária u tca  52, H ungary 
B él á d i, I.
In s titu te  of Microbiology, Medical University, Szeged, Dóm té r  10, 
H ungary 
B e n c z ú r , M.
D epartm ent for T ransp lan ta tion  Im m unology, N ational Blood Center, 
B udapest X I, Daróczi ú t  24, H ungary  
B l a z se k , 1.
In s titu te  of E xperim ental Medicine, B udapest V III , Szigony u tca  43, 
H u ngary  
B o l l , 1.
Städtisches K rankenhaus Neukölln, I. Innere A bteilung, Rudow er 
Strasse 56, 1 Berlin 47, Berlin-W est 
B u f f e , D.
In s ti tu t  de Recherches Scientifiques su r le Cancer, 16 Avenue-Vaillant- 
Couturier, V illejuif (Seine), F rance 
B u k u l y a , B.
In s titu te  of E xperim ental Medicine, B udapest V III , Szigony u tca  
43, H ungary  
Ch è v r e m o n t , M. J . J .
In s titu t d ’Histologie e t d ’Em bryologie, F acu lté  de Médecine, U niversité 
de Liège, 20 rue de P itteu rs, 4000 Liège, Belgium 
Csaba , G y .
D epartm ent of Histology, Semmelweis Medical U niversity , B udapest 
IX , Tűzoltó u tca  58, H ungary 
D ALLMAN, L.
In s titu te  of Genetics, József A ttila  U niversity , Szeged, A dy tér, 
H ungary
9
D r é n , C s .
V eterinary  Medical Research In stitu te , H ungarian  Academ y of Sciences, 
B udapest X IV , H ungária  k r t  21, H ungary 
F a zek a s , I.
In s titu te  of E xperim ental Medicine, Budapest V III , Szigony u tca  43, 
H ungary  
F j e l d e , A.
Roswell P ark  Memorial In stitu te , Buffalo, New York 14203, IL S .A. 
F r a n k s , L. M.
D epartm ent of Cellular Pathology, Im perial Cancer R esearch Fund, 
Lincoln’s In n  Fields, London, WC2A 3PX, U nited  K ingdom  
Ga il l a r d , P. J .
L aboratorium  voor Celbiologie en Histologie, R ijnsburgerw eg 10, 
Leiden, The N etherlands 
Gazsó , L.
In s titu te  of Neurosurgery, B udapest XIV , A m erikai ú t 57, H ungary 
Gr o ss , W. 0 .
In s titu t d ’Histologie, U niversité de Lausanne, 9 rue du Bugnon, 
CH 1005 Lausanne, Sw itzerland 
G y é v a i, A.
In s titu te  of E xperim ental Medicine, B udapest V III, Szigony u tca  43, 
H ungary 
H il w ig , I.
Farbw erke H oechst AG, Gewebezüchtung H . 811, Johannesallee 10, 
623 F rankfurt/M ain-H öchst, Germ an Federal Republic 
H o leck o v á , E.
In s titu te  of Physiology, Czechoslovak Academ y of Sciences, P raha 
4, K rc, B udejovická 1083, Czechoslovakia 
H o rv á th , L.
N ational In s titu te  of Public H ealth , B udapest IX , G y á liú t 2, H ungary 
JORDANOV, J .
In s titu te  of M orphology, B ulgarian Academ y of Sciences, Boul. Lenin 
75, bl. 103, Sofia, B ulgaria 
K a h r i , A.
2nd D epartm ent of Pathology, U niversity  of Helsinki, H artm an in k atu  
3, Helsinki, F in land  
K a p a , E .
D epartm ent of Histology, Semmelweis Medical U niversity , B udapest 
IX , Tűzoltó u tca  58, H ungary 
K e l l e r m a y e r , M.
Central Clinical L aboratory , Medical U niversity , Pécs, Ifjúság ú tja  31, 
H ungary  
K ie l e r , J .
F ib igerL aboratory , Lundtoftevej 5, Kgs. Lyngby, Copenhagen, D enm ark 
K iss, J .
D epartm ent of Histology, Semmelweis Medical U niversity , B udapest 
IX , Tűzoltó u tca  58, H ungary 
K is z e l y , G y .
Biological In s titu te  of Medical U niversity , Szeged, K ossuth  L. sgt 
35, H ungary
10
К LEIN, J . С.
Radiobiological In s titu te  TNO, Lange Kleiweg 151, R ijsw ijk Z. H., 
The N etherlands 
K o r itsá n szk y , S.
D epartm ent of Histology, Semmelweis Medical U niversity , Budapest 
IX , Tűzoltó u tca  58, H ungary 
K osa, Zs.
N ational In s titu te  of Public H ealth , B udapest IX , Gyáli ú t 2, H ungary 
K ovács, Б . I.
D epartm ent of E volution and Genetics, Eötvös Loránd University, 
Budapest V III, Múzeum k rt 4/a, H ungary  
Lu n d , E.
D epartm en t of V eterinary  Virology and Immunology, The R oyal 
V eterinary  and  A gricultural U niversity  of Copenhagen, 13, Bülowsvej, 
1870 Copenhagen V, D enm ark 
Ma c ie r a -Co e l h o , A.
In s titu t de Cancérologie e t Im m unogénétique, 14 Av. P au l Vaillant- 
Couturier, 94 Villejuif, F rance 
Ma r e e l , M.
K liniek voor R adio therap ie en Kerngeneeskunde, De P in te laan  115, 
Gent, Belgium 
M a r ó t i, M.
D epartm en t of P lan t Physiology, Eötvös L oránd University, B udapest
V III, Múzeum k r t  4/a, H ungary  
Ma ta g n e -D h o o ssc h e , E.
In s titu t d ’Anatom ie, L aboratoire d ’Histologie, rue de P itteu rs, 4000 
Liège, Belgium 
MlCHL, J .
In s titu te  of Physiology, Czechoslovak Academ y of Sciences, P rah a  4, 
K rc, B udéjovická 1083, Czechoslovakia 
N e m e s k é r i, A.
D epartm ent of Histology, Semmelweis Medical U niversity , B udapest
IX , T űzoltó u tca  58, H ungary  
N e u p e r t , G.
Pathologisches In s titu t der Friedrich-Schiller-U niversität, Z iegelm üh­
lenweg 1, 69 Jena , Germ an Dem ocratic Republic 
Ol á h , E.
Research In s titu te  of Oncopathology, B udapest X II , R á th  György 
u tca  7, H ungary 
Ol iv o , O. M.
Is titu to  di Anatóm ia, Via Irnerio, 48, 40126 Bologna, I ta ly  
PÁLYI, I.
Research In s titu te  of Oncopathology, B udapest X II , R á th  György 
u tca  7, H ungary 
P ie c k , A. C. M.
L aborato ry  of Chemical Cytology, Driehuizerweg 200, Nijmegen, 
The N etherlands 
R a p p a y , G y .
In s titu te  of Experim ental Medicine, B udapest V III, Szigony u tca  43, 
H ungary
11
de R id d e r , L.
K liniek voor R adio therap ie en Kerngeneeskunde, De P in te laan  115, 
Gent, Belgium 
R o u sse a u , Ж. F .
L aboratoire d ’A natom ie Pathologique, Inserm  U 77, Groupe H ospitalier 
N ecker-E nfan ts  Malades, 149, rue le Sèvres, Paris 15e, France 
R ö h l ic h , P.
1st C entral L aborato ry  of E lectron Microscopy, D epartm ent of Histology, 
Semmelweis Medical U niversity , B udapest IX , Tűzoltó u tca  58, 
H ungary  
R u z ic sk a , P.
N ational In s titu te  of Public H ealth , B udapest IX , Gyáli ú t 2, H ungary 
Sc h e r f t , J . P.
L aboratory  for Cell Biology and  Histology, U niversity  of Leiden, 
Academic H ospital, R ijnsburgerw eg 10, Leiden, The N etherlands 
Sc h l e ic h , A.
In s titu t fü r Experim entelle K rebsforschung der U niversitä t Heidelberg, 
Voss-Str. 3, 69 Heidelberg, Germ an Federal R epublic 
SCHWÖBEL, W .
B undesforschungsanstalt fü r V iruskrankheiten der Tiere, Paul-Ehrlich- 
Strasse 28, 74 Tübingen, Germ an Federal R epublic 
Se l l y é i , M.
R óbert K áro ly  H ospital, D epartm ent of Pathology, B udapest X II I .,  
R óbert K áro ly  k r t 82, H ungary 
Sp u r n á , V.
In s titu te  of Biophysics, Czechoslovak Academ y of Sciences, B rno 12, 
K rálovopolská 135, Czechoslovakia 
St a r k , E .
In s titu te  of E xperim ental Medicine, B udapest V III , Szigony u tca  43, 
H il ngary 
St ä h e l in , H.
Sandoz AG, 4002 Basel, Switzerland 
St r e e t , H. E .
School of Biology, U niversity  of Leicester, A drian Building, U niversity  
R oad, Leicester, L E I 7RH, U nited  Kingdom  
T a n n e b e r g e r , ST.
In s titu te  fü r Medizin und  Biologie, Robert-R össle-K linik, D eutsche 
Akadem ie der W issenschaften zu Berlin, L indenberg Weg 80, 1115 
Berlin-Buch, Germ an D em ocratic Republic 
T é t é n y i , P.
R esearch In s titu te  o f M edicinal P lan ts, B udapest X II, Dániel ú t 40, 
H ungary 
T h u s t , R.
Pathologisches In s titu t der Medizinischen Akademie, N ordhäuser 
S tr. 74, 50 E rfu rt, Germ an Dem ocratic R epublic 
TlXIER-VIDAL, A.
L aboratoire de Biologie .Moléculaire, Collège de France, 11, P lace 
M arcelin-Berthelot, Paris—Ve, F rance 
T örő, I.
D epartm ent of H istology, Semmelweis Medical U niversity , B udapest
12
IX , Tűzoltó u tca  58, and In s titu te  of E xperim ental Medicine, B uda­
pest V III, Szigony u tca  43, H ungary 
T ö r ö k , О.
D epartm ent of Histology, Semmelweis Medical U niversity , B udapest 
IX , Tűzoltó u tca  58, H ungary 
T y ih á k , E.
Research In s titu te  of Medicinal P lan ts, B udapest X II , Dániel ú t  40, 
H ungary 
V á g ú j f a l v i , D.
Research In s titu te  of Medicinal P lan ts, B udapest X II , Dániel ú t 40, 
H ungary  
V a l e n t in i, A. F.
Is titu to  di Anatóm ia, Via Irnerio, 48, 40126 Bologna, I ta ly  
V e r n e , C.-M. J .
In s titu t d ’H istochim ie Médicale, F acu lté  de Médicine de Paris, 45 rue 
des Saints-Pères, Paris V Ie, F rance 
V e t t e r , J .
D epartm en t of P lan t Physiology, E ötvös Loránd U niversity , B uda­
pest V III , Múzeum k rt 4/a, H ungary 
W a l l e r , M.
Pathologisches In s titu t, M artin-L uther-U niversitä t, H alle-W ittenberg , 
Leninallee 14, 402 Halle (Saale), Germ an Dem ocratic Republic 
W o llem a n n , M.




B á c sy , E .
In s ti tu te  of E xperim ental Medicine, B udapest, H ungary  
B alá zs , A.
In s titu te  of E xperim ental Medicine, Budapest, H ungary  
B l a z se k , 1.
In s titu te  of E xperim ental Medicine, B udapest, H ungary
B U K U L Y A ,  B .
In s titu te  of E xperim ental Medicine, B udapest, H ungary 
D av ey , M. R.
D epartm ent of B otany, U niversity  of N ottingham , N ottingham ,
U nited  Kingdom  
F a z e k a s , 1.
In s titu te  of E xperim ental Medicine, B udapest, H ungary  
F j e l d e , A.
Roswell P a rk  M emorial In stitu te , Buffalo, N.Y., U.S.A.
F r a n k s , L. M.
D epartm en t of Cellular Pathology, Im peria l Cancer R esearch F und,
London, U n ited  K ingdom  
Gr o s s , W . O.
Histologisch-Em bryologisches In s titu t der U n iversitä t L ausanne,
Lausanne, Sw itzerland 
G y é v a i , A.
In s titu te  of E xperim ental Medicine, B udapest, H ungary  
J o b st , К .
C entral Clinical L aboratory , Medical U niversity , Pécs, H ungary  
K a h r i , A. I.
2nd D epartm ent of Pathology, U niversity  of Helsinki, Helsinki, F in land  
K e l l e r m a y e r , M.
Central Clinical L aboratory , Medical U niversity , Pécs, H ungary  
L y y t ik a l n e n , A.
U niversity  of Helsinki, Helsinki, F inland 
M ih á l y , К .
In s titu te  of E xperim ental Medicine, B udapest, H ungary  
Ö k r ö s , I.
In s titu te  of E xperim ental Medicine, B udapest, H ungary  
P e s o n e n , S.
U niversity  of Helsinki, Helsinki, F in land  
R a p p a y , G y .
In s titu te  of E xperim ental Medicine, Budapest, H ungary
15
R ö h l ic h , P.
1st Central L aborato ry  of E lectron Microscopy, Semmelweis Medical
U niversity , B udapest, H ungary  
Sa u r e , A.
U niversity  of Helsinki, Helsinki, F in land  
St a r k , E.
In s titu te  of E xperim ental Medicine, B udapest, H ungary 
St r e e t , H. E .
B otanical Laboratories, U niversity  of Leicester, Leicester, U nited
Kingdom  
Su tto n - J o n e s , B.
School of Biological Sciences, U niversity  of E ast Anglia, Norwich,
U n ited  K ingdom  
Szalay , K .
In s titu te  o f E xperim ental Medicine, B udapest, H ungary  
T ix ie r -Vid a l , A.
Laboratoire de Biologie Moléculaire, Collège de France, Paris, F rance 
TÖEŐ, I.
D epartm ent of H istology and Em bryology, Semmelweis Medical
U niversity , B udapest, H ungary 
T ö r ö k , О.
D epartm en t of H istology and  Em bryology, Semmelweis Medical




W elco m in g  address 19
I . T örő , I . F a z e k a s , I . Ök r ö s , Б . B á c sy  and Gy . R a p p a y
F in e -s tru c tu ra l d iffe ren tia tio n  o f lym p h o re ticu la r cells in  cu ltu re  21
L. M. F r a n k s
The u ltra s tru c tu re  o f tissue cu ltu re  cells 3]
A. F je l d e
T he es tab lish m en t in  cu ltu re  of p e rm an en t lines o f haem a to p o ie tic  cells, and  
recen t v iru s  s tud ies  done w ith  haem a to p o ie tic  cells 37
A. T l X I E R - V I D A L
U ltra stru ctu ra l fea tu res o f  gonad otrop ic  p itu ita r y  cells  in  cu lture 43
A. I. K a h r i , A. L y y t ik ä in e n , S. P e s o n e n  and A. Satire
C om parison  o f th e  effects o f A C T H  on th e  n u m b er o f m ito ch o n d ria l p rofiles 
in  co rtica l cells and  on th e  conversion  o f p rogesterone-4 -14C in to  co rtico ste ­
rone and  18-OH-DOC in  tissue cu ltu res  o f fo e ta l r a t  ad rena ls  69
A. Gy é v a i , В . B u k u l y a , K . Mih á l y , К . Szalay  and  E . S tark
F ine  s tru c tu re  an d  h o rm o n a l a c tiv ity  of in ta c t and  cu ltu red  em bryon ic  a d ­
re n a l cells o f d iffe ren t species 73
B . B uktjlya , I . Ök r ö s , and E . Sta rk
The fine s tru c tu re  o f em bryon ic  r a t  ad ren a ls  cu ltu red  in  vivo 89
I .  B l a z se k , A. Gy é v a i , and  A . B alázs
E lectron-m icroscopic  s tu d y  o f spon taneous tran sfo rm a tio n  o f lym phocy tes  
and  m onocy tes in  tissue cu ltu re  97
W . 0 .  Gross
D ie u ltra s tru k tu re lle  U n te rsu ch u n g  von Zellen n ach  ih rer L eb en d b eo b ach tu n g  
in der K u ltu r  ]07
P . R öh lich  and  0 . T örök
F in e  s tru c tu re  o f th e  re tin a l p ig m en t ep ithe lium  in o rgan  cu ltu re  127
M. K e l l e r m a y e r  and K . J obst
The u ltra s tru c tu re  o f D N P  system s in  tissue cu ltu res  as revealed  b y  th e  p o la r i­
z a tio n  m icroscope 137
H . E . S t r e e t , M. R . D a v e y  and  В. Su t t o n -J o n es
U ltra s tru c tu re  o f p la n t cells g row ing in  suspension  cu ltu re  145
2 17

Sym p. Biol. Hung., 14, p. 19 (1972)
W ELCOM ING ADDRESS
by
I .  T örő
PRESIDENT OF THE YEAR OF THE EUROPEAN TISSUE CULTURE SOCIETY
Ladies and  Gentlemen,
I  am  gratified by  the  honour to  be able to  welcome you in B udapest 
a t  the 1971 Session of th e  European Tissue Culture Society. P leasan t m em o­
ries of bygone meetings come to  m y mind and  of the  delightful days we 
spent in  various countries where we assembled.
In  the  succession o f these meetings the  progress of tissue culture, its 
evolution as a branch  of science is well reflected. A t the  ou tset th e  main 
object was the  observation and  stu d y  of the  behaviour of exp lan ted  tissues 
and  cells, b u t la te r m orphological and  s tru c tu ra l changes and  also differences 
in  cell potentials were extensively investigated. B y  studying the  prerequisites 
of cell differentiation and  dedifferentiation several valuable results have 
been obtained  throw ing light on th e  organisatory forces m anifesting in 
tissues rem oved from  th e  influence of the  organism  and  placed into changed 
circum stances. W hat changes are m anifested in  vitro, which refer to  d if­
ferences observed in  vivo and  which are the  histological and  cytological 
phenom ena in cultures which by absence reveal the  organisatory  forces of 
th e  organism. P ure homogeneous cultures and  their confrontation have 
cleared the way to  the  understanding of such organisatory  forces which 
are based on the  m utual influences of different tissues and  could give inform a­
tion  for the  analysis of early  em bryonal developm ent.
I t  has been observed, nam ely, th a t  extracellu lar factors dom inating 
in cultures cause in tracellu lar a lterations which, in  tu rn , affect the hom eosta­
sis of the  tissues. These observations have raised the  idea th a t cell prolifera­
tion  which dom inates in in vitro processes and  concom itant nucleic acid 
synthesis will inh ib it the  synthesis of specific proteins, i.e. dedifferentiation 
will bring a change also in  cell potentials. The ex ten t to  which dedifferentia­
tion  o f the cell of higher anim als m ay serve to  provide precursor cells is 
n o t known. I t  has generally been assum ed th a t  genome repression in dedif­
fe ren tiated  cells of vertebrates is irreversible, however, such repression in 
highly differentiated cells can be ab a ted  under certain  experim ental condi­
tions. The s ta te  of genome repression in higher anim als as well as in  simple 
organisms, depends on environm ental conditions bo th  w ithin and  outside 
the  cell. D ifferentiation can be reversed under appropriate  circum stances.
We surm ise th a t  genomes suppressed during differentiation can get 
released during cu ltivation  and  together w ith  the  stru c tu ra l changes le t 
the pluripotence of cells become manifested.
F or this reason we believe it would not be w ithout m erit to  devote the  
first day  of our Conference to  the  results of u ltras tru c tu ra l investigations 
o f some cultures.
2* 19
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F IN E  -STRUCTURAL D l F F E R E N T IA T I ON 
OF LY M PH O R ETIC U LA R  CELLS IN CULTURE
by
I. TÖEŐ, I. F a zek a s , I. Ök r ö s , E. B ácsy , and Gy. R a ppa y
INSTITUTE OF EXPERIMENTAL MEDICINE, BUDAPEST, HUNGARY
The changed a ttitu d e  prevailing in recent years in the  research on cells 
cu ltivated  in  vitro m ay be explained by two reasons. One is th a t  following 
the  early experim ental phase of tissue culture techniques it is today  a tte m p t­
ed to  define consciously the  in terre lation  betw een explan t and  medium, i.e. 
no t only to  keep th e  exp lan t alive for a shorter or longer period b u t also 
to  m ake the  in  vitro cu ltivated  cells function norm ally by  choosing the 
environm ent properly. The studies aim ed a t the  dem onstration of the  func­
tion  of endocrine cells in  vitro are a most impressive exam ple of this trend  
(S tark et ah, 1965a, b; Kowal, 1970; Sato et al., 1970).On the  o ther hand, 
m odern more effective m ethods like electrophysiology, autoradiography, 
electron microscopy, etc. have become available for studying stru c tu ra l 
changes in the  cells during cultivation for shorter or longer periods. This 
enables us to  com pare the  results of cytophysiologv and  cytom orphology 
and  to  draw  conclusions of molecular-biological im portance. A lthough the 
study  of the  fine stru c tu re  of cells cu ltivated  in  vitro has gained ground, 
in  m ost of th e  cases the findings have not been com pared w ith those gained 
in  vivo. Such a com parison m ight supply answers to  fundam ental cvto-
TABLE 1
Cell types present in vivow
Thymocytes Reticulum cells Other cells
large6 epithelial cytoreticulum 01 fibrocytes03
medium0 1 I m esenchym al02 m ast cells
small" f  f  1 granulocytes
reticular hypertrophic macrophages plasma cells ( ? )
m ainly m ainly endothelial cells01
in the in the
cortex medulla special ■
histiocytic cell
m any m itotic (van Haelst)
figures no m itosis no mitosis
Cell types present in vitro after 4-day culturing
epithelial-like cells01 )
fibroblast-like cells0 i m any o f them  m itotic
true fibroblasts03
macrophages02^
* Symbols a and b indicate possible transformations.
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logical questions. O ther studies in  the present volum e will be found to  
be good examples of the change in a ttitu d e .
There are a num ber of interesting questions aw aiting answer in the field 
o f tissue cultivation: does the  fine s tru c tu re  of cu ltivated  cells change as 
com pared w ith the  original cells, and  if so, to  w hat ex ten t; which cytological 
characteristics disappear and  which persist during cultivation ? The most 
im p o rtan t question probab ly  is how any such change will influence the  
original specific function of the cells.
The same questions arose in the  course of our fine-structural and  enzyme- 
cvtochem ical analysis of thym us expiants.
The thym us is rich in thym ocytes and  reticulum  cells and contains 
various o ther cells, too (Table 1). The reticulum  cells are of m esenchym al or 
en to d erm al origin. Those derived from the  entoderm  form a peculiar 
netw ork, the  cytoreticulum . They are easily recognizable by their desmo-
Fig. 1. P o rtio n  o f an  ep ith e lia l re tic u la r  cell from  int a c t r a t  th y m u s. T onofilam en ts (T), 
p r im a ry  lysosom es (L), c r is ta te  m ito ch o n d ria  (M), rough-su rfaced  endoplasm ic r e t i ­
cu lum  (E R ), g ran u les  o f d iffe ren t den sity  in  th e  cy top lasm . X 44,500. In se t: A ty p ic a l 
desm osom e ch a rac te ris tic  o f th e  ep ithe lia l re ticu la r cells. (G lu tara ldehyde-osm ium  
fixation ; u ra n y l a ce ta te  and lead c itra te  sta in ing) X 32,700
22
somes, tonofilam ents and  special vacuoles (P ig .l). Their specific function is 
to  form the  supporting netw ork, fu rth e r endocytosis and, in our and other 
au th o rs’ opinion, the  production of the lym phocyte-stim ulating factor(s) 
(Clark, 1966, 1968; Ito , 1966; G ad and  Clark, 1968; H irokaw a, 1969: 
Goldstein and  W hite, 1970; Goldstein et ah, 1970; R appay  et ah, 1971). 
The m ost im p o rtan t sign of this last-nam ed function is the  presence of 
special vacoules in the  cytoplasm , em pty  or densely packed.
R a t thym us fragm ents were exp lan ted  on top  of coagulated chicken 
plasm a and  chick-em bryo juice on cover-slips. E ach  slide, w ith  5 fragm ents 
on it, was th en  placed into a Leighton tube, in  which it  was allowed to 
s tan d  for 24 h. A fter this tim e, 2 ml of a m edium  consisting of an  8 : 2 
m ix ture of TCM 199 and  hea t-inactivated  calf serum, w ith  200 I.U . of 
penicillin added to  i t  per ml, was poured into each tube. The culture medium 
was exchanged every o ther day. Cultures were fixed a t different tim e intervals 
in  the  period betw een the  4 th  and  the 30th day  a fte r explan tation . Cultures 
together w ith  the  glass slides were fixed for electron m icroscopy in  4-5 per 
■■cent g lu taraldehyde dilu ted  w ith 3-13 м cacodylate buffer a t pH  7 for 
periods of 30 to  120 min, and  th en  washed w ith  the  diluent buffer for 1 to  
16 h depending on th e  concentration of the  fixative and  th e  length o f fixa­
tion  tim e. Subsequently, the  cultures were either postfixed for 30 to  90 
m in w ith 1 per cent osmium tetrox ide dissolved in  cacodylate buffer and  
em bedded in D urcupan ACM, by  using propylene oxide, or histochem ically 
analysed (Table 2).
TABLE 2
Cytochemical reactions for studying thymus expiants
Cryostat sections and cultures
Tests for
LM EM
Acid phosphatase N aphtol AS-BI or TR 
phosphate
Sodium-/?-glycerophosphate




buffer, pH  5.0
0.05 M acetate buffer, pH  5.2
Incubation time: 30-60 min Incubation tim e : 1 h
Non-specific esterase N aphtol AS-D acetate Thioacetic acid
Fast Blue В В Lead nitra te
0-1 м tris-m aleate buffer, 0-05 m cacodylate buffer,
pH  7-1 pH  5 6
Incubation tim e: 2-5 min Incubation tim e: 30-60 min 
(+ 4 °C )
In  the  grow th zone of the  thym us expiants (Fig. 2) the  desmosomes 
and  tonofilam ents help to  identify  the  epithelial reticulum  cells even afte r 
21 days of cultivation  (Fig. 3). The special vacuoles presum ably involved 
in  the production of th e  lym phocyte-stim ulating factor(s) were n o t seen 
either early or la te r during cu ltivation  (4-30 days), suggesting th a t  thym ic 
epithelial reticu lar cells do no t produce lym phocyte-stim ulating horm one 
in  vitro. Considering th a t  no thym ocytes were present in these cultures, 
i t  seems th a t  the presence of these cells is a precondition for the  production
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Tissue fragment
F ig . 2. Schem e o f th e  cu ltu re  m ethod  and  o f th e  p re p a ra tio n  o f u lt ra th in  sec tions
F ig . 3. P o rtio n s  o f tw o  ep ith e lia l re ticu la r cells from  a  21-day-old cu ltu re  w ith  a des­
m osom e (D) and  tono filam en ts (T). T he cy top lasm s a re  re la tiv e ly  poor in  organelles. 
(G lu tara ldehyde-osm ium  fixation ; u ra n y l a ce ta te  and  lead c itra te  sta in ing) x 34,000
of the  lym phocyte-stim ulating factor(s). Consequently, one of the  assum ed 
specific funtions of epithelial reticu lar cells is no t realized in  vitro.
Endocytosis is a specific function of the epithelial, and  also of the  m esen­
chym al reticulum  cells in the  in tac t thym us ; it is connected w ith  the  lyso­
somes present in th e  cytoplasm . In  the  in tac t thym us the reticulum  cells 
of different origin can be differentiated on the  basis of th e ir enzyme ac tiv ity
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F ig . 4. A cid ph o sp h a tase  (a) and  non-specific esterase  (6) a c tiv ity  in  ep ith e lia l r e t i­
cu la r cells, (a) 21-day-old cu ltu re . N o te  reac tio n  p ro d u c t (H P) in  large lysosom es. 
T he p o rtio n  o f the cy top lasm  is rich  in tonofilam en ts (T) and  in  o th e r cell organelles. 
X 44,000. (ft) 15-day-old cu ltu re . R eac tio n  p ro d u c t (R P) is observable  in dense bodies 
(lysosom es). (G lu tara ldehyde-osm ium  fixation ; u ra n y l a c e ta te  sta in ing) X 27,400
(Ökrös et al., 1969a, b). The lysosomes o f the  epithelial reticulum  cells 
show a m oderate acid phosphatase activ ity , and  a considerably lower non­
specific esterase ac tiv ity  (Fig. 4). In  the m esenchym al reticulum  cells both 
enzymes are more active th an  in the  epithelial cells. In  the thym ic expiants, 
considerable acid phosphatase ac tiv ity  and  non-specific esterase ac tiv ity  
were shown only by  the  m esenchymal epithelial cells, i.e. macrophages 
(Fig. 5). This did not show any  correlation w ith  the tim e of cultivation. 
Thus the  endocytotic ac tiv ity  of the  epithelial reticulum  cells also seemed 
to  have decreased in our culture, whereas the m esenchymal reticulum  
cells had preserved th e ir intensive m acrophage function. The form ation
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Fig. 5. A cid p h o sp h a tase  (a) and  non-specific esterase  (b) a c tiv ity  in  m esenchym al 
re tic u la r cells (m acrophages), (a) 21-day-old cu ltu re . The cy top lasm  con ta in s a  g rea t 
num ber o f p r im a ry  and  secondary  lysosom es w ith  in tense enzym ic ac tiv ity , x 16,000. 
(b) 6-day-old cu ltu re . E s te rase  a c tiv ity  is localized m ain ly  in  p rim a ry  and  secondary  
lysosom es, and  lipid d rop le ts ; a  m o d era te  enzym ic ac tiv ity  p resen ts  itse lf  in  nuclea r 
envelope, endoplasm ic re ticu lu m  and  som e m itochond ria . (G lu tara ldehyde-osm ium  
fixation ; u ra n y l a ce ta te  and  lead  c itra te  sta in ing) x 13,400
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Fig. 6. F ib rob last-like  cells (a) and  true  fib rob las ts  (6). (a) 19-day-old cu ltu re . P o r ­
tions o f fib rob last-like cells ch a rac te rized  b y  a  cy top lasm  poor in  organelles. T here  is 
no sign o f collagen fibre fo rm ation . X 19,400. (b) 9-day-old  cu ltu re . C y top lasm s show ing 
w ell-developed an d  d ila ted  endoplasm ic re ticu lu m . N o te  th e  re la tiv e ly  dense m a te ria l 
in  c is te rnae  of th e  endoplasm ic re ticu lu m  and  signs o f fibre fo rm ation . X 20,000
of the supporting netw ork was, therefore, the  only function of the  epithelial 
reticulum  cells the  morphological signs of which could still be dem onstrated  
in  vitro.
In  vitro conditions no t only influence the  specific functions of the  cells 
b u t also change the  cellular com position of the  original explant. The change 
in the incidence of different cell types is due to  the  declined viab ility  of 
some cell types, to  the altered  proliferation ra te  of non-parenchym al cells,
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and  of the  surviving parenchym al cells, as well as to  the  transform ation 
of some of the  cells originally present in the explant.
In  th e  adu lt ra t  thym us only the  thym ocyte precursors are capable of 
m itosis (Table 1). In  thym us expiants, on the  o ther hand, the  num ber of 
m itotic cells is relatively great, b u t their identification is difficult. The 
num ber of epithelial reticulum  cells increases parallel w ith the  tim e of 
cultivation, because these cells regain their m itotic ab ility  in culture, i.e. 
their au tosyn thetic  function is realized in  vitro. As a m atte r of fact, their 
nuclei contain little  heterochrom atin, and  one or two m arked nucleoli. 
There is also an  increase in the  num ber of macrophages. This m ay be explain­
ed w ith the m esenchym al reticulum  cells becoming capable of mitosis or 
w ith  the  transform ation  of the  cells of the original exp lan t into macrophages 
(Nelson, 1969). According to  several authors, lym phocytes can be tra n s ­
form ed into m acrophages (Nelson, 1969); in our m aterial the  in  vitro 
transfo rm ation  of lym phocytes into m acrophages could no t be proved b u t 
it could no t be excluded either.
O ur thym us expiants contained not only epithelial reticulum  cells and 
m acrophages b u t also a num ber of tru e  fibi'oblasts and  fibroblast-like cells 
(Fig. 6). The signs of intensive protein  synthesis: abundan t endoplasm ic 
reticulum , the  appearance of d ilated  saccules and  cysternae, and  the  
presence of collagenous fibres, all po in t to  their original specific function 
having been preserved. Of the  functions of the fibroblast-like cells whose 
cytoplasm  is poor in organelles, only au toreproduction was evident.
The living organism  as well as the  individual organs are controlled by 
general and  specific regulatory  system s (Goss, 1967). In  the  case of isolated 
cells in  vitro there is no such complex regulation. The regulatory  factors 
whose presence is needed in th e  artificial m edia to  m ain tain  the  specific 
function of the  explan ted  cells for a well-defined period, or infinitely, could be 
reliably identified only for a lim ited num ber of cells. A more penetrating  
insight into the  factors influencing the  specific functions and au tosyn thetic  
ac tiv ity  of the  cells of lym phoreticular organs in in  vitro cultures would help 
considerably in th e  understanding  of the regulatory  mechanism  functioning 
in  vivo. This requires, in addition to  functional investigations, the knowledge 
of th e  fine stru c tu re  of the  cells. F u rth e r fine-structural investigations on 
cu ltivated  thym ic cells m ight significantly contribu te to  our knowledge 
of the  functional mechanisms of the  thym us.
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T H E  U LTRA STRU CTU RE OF T ISSU E CULTURE CELLS
by
L . M. F r a n k s
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LONDON, UNITED KINGDOM
The problem  of id en tity  is a  m ajor preoccupation for philosophers in the 
20th cen tu ry  and m y ta lk  today  concerns itself w ith a sm all facet of this 
cen tral problem  of our civilization. I t  underlines the uncertain ties of an 
iden tity  which depends only on appearances, particu larly  when those 
appearances are shadows. M orphology is a useful guide to  id en tity  bu t, as 
in  so m any other cases, i t  is the  p a tte rn  which is as im p o rtan t as the  detailed 
s tru c tu re  of the individual com ponents. Thus m orphology will allow us to  
identify  w ith ce rta in ty  m ost tissues bu t th e  identification of an  individual 
cell from  any given tissue m ay n o t be possible unless it has some clearly 
recognisable m arker. This is the  central problem  for those concerned w ith 
the  u ltras tru c tu re  of tissue culture cells.
T H E  U L T R A S T R U C T U R E  O F M O U SE C E L L  L IN E S
I  am  going to  describe the  u ltras tru c tu re  of a  num ber of cell lines derived 
from  norm al tissues and  from  tum ours and  t ry  to  draw  some conclusions 
from  our findings. The first experim ent I  am  going to  describe was set up 
to  com pare the  grow th po ten tia l of young and  old tissues (Franks and 
Henzell, 1970). Since there is an  increasing incidence of tum ours in some 
organs w ith  age our original prem ise was th a t  if there was a cellular basis 
for th is increased neoplastic potential, cells from  old organs should undergo 
spontaneous neoplastic transform ation  more readily  th an  cells from  young 
tissues. T hirty-six  cell lines were established from  various organs of em bryo 
(18 day), young (3-20 days) and  old (28-34 m onths) C3H and  С57.ВТ(а‘) 
mice. Spontaneous neoplastic change occurred in 16 of these lines, b u t 
there was no specific age relationship. The u ltras tru c tu re  of 11 tum our 
lines and  13 non-tum our lines were stud ied  a t  different transfer generations 
by  transm ission electron m icroscopy (Franks and  Wilson, 1970) and some 
by scanning electron microscopy (Hodges. 1970). The cells in all cultures 
were sim ilar w hatever the  organ from  which th ey  were derived (kidney, 
lung, bladder, tongue, heart, spleen, prostate , peritoneum  and  spinal cord).
We have described th e  u ltras tru c tu re  of these cells in detail in an  earlier 
paper (F ranks and Wilson, 1970). There were 2 m ain types of cell. Type 1 
cells had rounded or bean-shaped nuclei w ith a th in  rim of m arginal chrom a­
tin , and  the  cytoplasm  contained some rough endoplasm ic reticulum , m any 
free ribosomes, a sm all Golgi zone and  relatively  few lysosomes, autophagic 
vacuoles and m itochondria. Cell processes were short and  few in num ber.
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Type 2 cells had  a more convoluted nucleus in which the peripheral chrom atin 
layer was th icker and  sm all clumps of chrom atin were sca tte red  throughout 
the  nuclear m atrix . The Golgi zone was large; there were usually  m any 
lysosomes and  autophagic vacuoles and  often  d ilated  cisternae of rough 
endoplasm ic reticulum . The cells were sometimes rounded b u t more usually 
the  surface was very  irregular w ith  long sheet-like cytoplasm ic fringes 
extending for a considerable d istance from  the  cells. In  suspensions prepared 
by scraping these processes were oriented along a layer of extracellular 
fibrillar m aterial and  often in terd ig ita ted  w ith sim ilar processes from  other 
cells. A lthough m ost cells could easily be classified as type 1 or 2 there 
were some atyp ical cells in m ost cultures. M ost of these had the cytoplasm ic 
characters of ty p e  1 cells b u t the  nuclei were more convoluted. O ther cells 
had  more cytoplasm ic organelles th a n  the  typ ical type I cells. This suggests 
th a t  there m ay be a transition  between ty p e  1 and  ty p e  2 cells. Occasional 
g ian t cells were also present. Only th e ir size distinguished them  from  other 
type I and type 2 cells. There were also a num ber of o ther u ltras tru c tu ra l 
features. Most of th e  cells had in tracellu lar actin-like filam ents (Franks 
e t al., 1969), sometimes in very  large num bers. M icropinocytotic vesicles 
were very  frequen t in the peripheral areas of cells, especially in those 
w ith m any filaments. Specialized cell contacts were present between all 
cell types m ostly in term ediate junctions (zonula adherens) b u t a few 
atypical tig h t junctions (zonula occludens) were also found. Thickenings 
of the  inner aspect of th e  p lasm a m em brane, resem bling a ttach m en t 
bodies of sm ooth muscle, were often  found. These were usually associated 
w ith extracellular m aterial resem bling basal lam ina. The d istribu tion  of 
th is basal lam ina-like m aterial is best seen in preparations in which the 
cells are fixed and  em bedded in  situ, w ithout rem oval from  the  glass on 
which they  have grown. Using a technique developed by my colleague, 
Mr. Cooper, i t  can be seen th a t this m aterial is probably  also concerned 
w ith  the  a ttach m en t of cells to  glass. Most of the  o ther extracellu lar m aterial 
was no t collagen. I t  had  2 com ponents, an  am orphous m aterial and  fine 
tu b u lar fibrils abou t 100À in diam eter, resem bling the  fibrillar com ponent 
of elastic tissue.
The surface s tru c tu re  of some of these cells had  been described by Dr. 
Gisele Hodges (1970). W hen the cell lines which have undergone neoplastic 
transform ation  are inoculated into syngeneic mice th ey  all produce sim ilar 
tum ours, w hatever the  organ of origin (Franks et al., 1970).
T H E  U L T R A S T R U C T U R E  O F  C E L L  L IN E S  FR O M  O T H E R  S P E C IE S
These findings raised two questions. F irstly , are there in  fact 2 fixed cell 
types or can one ty p e  change into the  o ther? Secondly, where do the  tissue 
culture cells come from  ? To answer the  first question we established 8 
clones from  one cell line. Two of these contained both  cell types, one contained 
type 2 cells only and  5 contained only type 1 cells. The two m ixed ‘clones’ 
m ay not have been tru ly  cloned so th a t it seems th a t two types m ay be 
stab le  b u t we cannot yet exclude th e  possibility of a transition . We hope 
to  answer th is question shortly.
32
The second question is more difficult to  answer. One possibility is th a t  
our culture conditions do not allow the  survival of differentiated parenchy­
m al cells from the organs we have cultured and  th a t we have selected out 
the  same ‘undifferen tiated’ cells from  each organ. The other possibility is 
th a t  the  tissue culture cells are in fact derived from specific parenchym al 
cells b u t undergo a stru c tu ra l m odulation in culture, so th a t they  all have 
a sim ilar appearance. There are few detailed descriptions of the  u ltrastruc tu re  
of cell lines derived from  norm al tissues. We, therefore, made a brief survey 
of a num ber of cell lines established in  o ther laboratories, and from  other 
species th an  the mouse. These included the Balb/c 3T3 line established by 
Aaronson and  Todaro (1968), N IL  cells and  secondary ham ster em bryo 
cultures (all provided by Dr. Ian  M cPherson) and a line derived from  ra t 
liver by  Dr. K aigh (provided by Dr. B. W einstein). These cell lines have an 
u ltras tru c tu re  sim ilar to  th a t we have described in our mouse cell lines.
F inally  we have exam ined cells from  m any lines derived in our laboratories 
from hum an em bryos (Franks and  Cooper, in preparation). In  lines derived 
from lung, the  u ltras tru c tu re  is sim ilar to  th a t I  have described, not only 
in cell types b u t in the d istribu tion  of extra-cellular basal lam ina-like m aterial 
m ost easily seen in cells sectioned in situ.
Again, there are few detailed descriptions of the  u ltras tru c tu re  of hum an 
em bryo cell lines b u t we were encouraged to  find a description of the 
u ltras tru c tu re  of cells derived from  hum an skin cultures (Comings and 
Okada, 1970) which appear to  be identical to  those we have described.
T H E  P O SSIB L E  N A T U R E  O F  T IS S U E  C U L T U R E  C ELLS
In  p rim ary  explan t cultures or in organ cultures, specific epithelial cells 
can be recognized a t  the  light microscope and  u ltras tru c tu ra l levels (e.g. 
F ranks and  B arton, 1960) bu t, as has been recognized for m any years, 
differentiated cells in culture are usually ‘overgrown’ by so-called fibroblasts. 
I f  there is selection of cells ra th e r th an  a s tru c tu ra l change affecting dif­
feren tiated  cells, the  cells which are eventually  selected should be present 
in the initial cell suspensions or expiants from which the  cultures were 
established. We, therefore, exam ined prim ary  cell suspensions and partia lly  
trvpsinized tissue fragm ents to  see if we could identify  cells sim ilar to  those 
which eventually  predom inate in culture.
In  suspensions prepared from mouse kidney (Franks and  Wilson, 1970) 
cells resem bling type 1 and  type 2 cells can be seen associated w ith the 
glom erular capillaries and  a ttach ed  to  the ou ter walls of some tubules. 
In  preparations from  hum an em bryo lung the  possible site of origin of the 
cells can be seen more clearly. The histology of the  hum an em bryo lung 
has been described by Cooper (1938) and the  appearances in prim ary  
cultures by  Chesterm an and F ranks (1960). The epithelial cells have 
a  distinctive appearance quite different from  th a t of the  cells which are 
found in the la te r cultures. In  the strom a groups of m esenchym al cells can 
be seen. Some are fibroblasts and  others have m any of th e  features seen 
in  the type 2 tissue culture cells, i.e. irregular convoluted nuclei, in tracellu lar 
fibrils, often  in large num bers, peripheral m icropinocytotic vesicles, specialized 
cell contacts, etc. Many ol tnese cells are in solid cords, b u t others surround
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a  cen tral lumen. In  some cases cells resem bling type 1 and  2 cells can be 
seen form ing the  walls o f small capillaries and flattened  ty p e  2 cells w ith 
m any microvilli are sometimes found lining larger venules. Thus one can 
establish a morphological id en tity  and  probable vascular origin for the 
tissue culture cells b u t we have no other m ethod for positive identification. 
We have discussed in an  earlier paper (Franks and  Wilson, 1970) the  evidence 
suggesting th a t  these cells m ay be derived from  endothelial cells and 
pericytes, bu t we cannot yet exclude the  possibility th a t  these cells m ay 
still be derived from specific parenchym al cells b u t have lost any m orpho­
logical m arkers.
T H E  U L T R A S T R U C T U R E  O F  TU M O U R  C ELLS
I  have been talk ing so far only about cells derived from  norm al tissues. 
I  am  now going to  describe briefly the u ltras tru c tu re  o f some cell lines 
derived from  tum ours. I  am  only going to  discuss lines which have been 
established in  our own laboratories, so th a t  th ey  have been grown under 
the  sam e conditions as the ‘norm al’ cell lines I  have been talk ing  about. 
Some of these tum our lines re ta in  specific m arkers which allow their tissue 
of origin to  be identified. The exam ples I have selected are a hum an b ladder 
tum our line (R igby and Franks, 1970) and  2 mouse m am m ary tum our lines 
(F ranks and  R ow latt, 1968; R iddle 1971, in preparation). The bladder 
tum our has m any of the m orphological features of b ladder epithelium  and 
the  cells produce a nodule of recognizable b ladder tum our a fte r hetero trans­
p lan ta tion  into the ham ster cheek pouch. Two cell lines were established 
from  one of the  m am m ary tum ours by D r. Riddle. One of these formed 
alveolar s tructu res in cidture and  was recognizably epithelial under the 
electron microscope. These cells produced a papillary  m am m ary tum our 
when transp lan ted  into syngeneic mice. The other line is sim ilar in m or­
phology to  the  cell lines derived from  norm al tissue and  produces a sim ilar 
ty p e  of tum our a fte r transp lan ta tion . Dr. R iddle feels th a t  this line is a  result 
of a spontaneous neoplastic transform ation  of a cell line derived from  norm al 
strom al tissue present in the  original tum our expiants. The th ird  exam ple 
is even more confusing. This line is from  a m am m ary tum our which arose 
in  a male mouse (Franks and  R ow latt, 1968). This line is m orphologically 
indistinguishable from our spontaneously transform ed cell lines. T ran sp lan ta­
tion  of the  early  culture generations produced a m ixed tum our w ith  some 
ep ithelial and  some sarcom atous areas. T ransp lan ts of la te r culture genera­
tions only produce sarcom as sim ilar to  our transform ed cell tum ours.
CONCLUSIONS
Cell lines derived from  some norm al mouse, ra t, ham ster and hum an tissues 
have a sim ilar u ltras tru c tu ra l morphology, w hatever their tissue of origin. 
Tissue specific m arkers have n o t been found. The cells are morphologically 
sim ilar to  endothelial cells and pericytes b u t the  possibility th a t  th e  tissue 
cu lture cells m ay be derived from  specific parenchym al cells, b u t have lost 
m orphological m arkers, cannot be excluded. Some cell lines derived from
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hum an and  mouse tum ours m ay still re ta in  tissue specific morphological 
m arkers. In  others, tissue specific cells m ay eventually  be replaced by  th e  
same ty p e  of cell found in cultures derived from  norm al tissue. M orphology 
alone m ay n o t be a reliable m ethod for establishing cell iden tity .
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T H E  ESTA B LISH M EN T IN  C U LTU RE OF PER M A N E N T  
L IN ES OF H AEM A TOPOIETIC CELLS,
AND R EC EN T V IR U S STU D IES DON E 
W ITH  H A EM A TOPOIETIC CELLS* 
by
A . F j e l d e
BOSWELL PARK MEMORIAL INSTITUTE, BUFFALO, N.Y., U.8.A.
Sytnp. Bioi. Huny. 14, pp. 37-41 (1972)
An investigation of the  period of establishm ent of (diploid) haem atopoietic 
cells from norm al individuals showed th a t  the establishm ent of perm anent 
hum an lines o f haem atopoietic cells from peripheral blood is not dem onstra­
bly  dependent on s tru c tu ra l or num erical changes a t the  chromosome level. 
Cultures from  norm al individuals have been exam ined by us a t th e  tim e 
of establishm ent, and all had  the  norm al diploid chromosomal com plem ent 
of 46; aberrations were rarely  seen.
A t the  tim e cell lines become established, there develops a surface a t t ra c ­
tion  between the cells. They become loosely clum ped in sta tio n ary  cultures 
and, upon shaking, ten d  to  reaggregate even a fte r separation. A fter the 
initial lag period, the  leukocytes, (routinely cultured in sta tionary  flasks), 
begin to  clump; it is a t  this stage th a t they  also begin to  grow rapidly. 
The in terval between the tim e the  cultures are in itia ted  and the  appearance 
of clumps and  rap id  grow th ranged from 48 to  159 days in the cultures 
exam ined.
The cells in established cultures rem ain diploid and  do not adhere to  
the  surface of the  glass. There is one exception: R PM I 8226, a  hum an 
m yelom a line which is triploid, the  cells sometimes adhere to  the  glass 
surface and  produce the  typ ical m yelom a protein. Electron-m icroscope 
studies revealed characteristic morphology for several types of cells p ropa­
gated  in culture.
The significant sequential events in the developm ent of hum an haem ato­
poietic cell lines from  norm al sources were: (г) a  prelim inary morphological 
transform ation  to  stem  cell and  lym phoid types (before establishm ent); 
(гг) a t th e  tim e of establishm ent, w ithout PHA, growth and  loose clum ping 
of cells, which tend  to  reaggregate a fte r shaking, indicative o f a surface 
a ttrac tio n ; and  (Hi) a f te r establishm ent, and  3 m onths of rap id  grow th, an  
apparen tly  infinite life span (Fig 1). In  a four-year-old myelogenous leukae­
mia line, cells showing slightly more or less th an  the  diploid num ber of 46 
chromosomes per cell, and  m arker chromosomes and  aberrations usually 
associated w ith areas of secondary constriction, were evident. T he cells 
from  norm al individuals in established cultures rem ained diploid. I t  is 
notew orthy th a t they  did not adhere to  glass surfaces, b u t instead adhered 
to  each other.
P resum ably, the  established cell culture lines w ith infinite life spans 
are the  products of self replicating cells, or cells which are able to  divide
* Shortened  form  o f th e  lec tu re
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and  m ain tain  a self-perpetuating population. The mechanisms by which 
cell populations become established in  vitro are presently  poorly under­
stood. A m orphological transform ation  and a deviation from  the diploid 
chromosome p a tte rn  for the  species have been though t to  be associated 
w ith  cell proliferation ; however, in our studies the  significant event associated 
w ith  a  typ ical sudden in itia tion  of rap id  grow th was a tendency for the  cells 
to  aggregate.
The dynam ics of growth effects can be observed in cultures during this 
period of establishm ent. The following charts show the  results obtained 
during the initial phase o f grow th. Table 1 shows a typical experim ent w ith 
peripheral leukocytes from norm al donors illustrating the  diploid stem line 
characteristic of cells a t th e  tim e of establishm ent. All of the  cultures showed 
a  norm al value of less th an  two per cent chromosom al aberrations. M orpho­
logical exam ination revealed transform ed and  norm al appearing lym phocytes 
such as those seen in  th ree-day  P H A -treated  cultures. According to  Table 2 
more th a n  75 per cent o f the m etaphase figures show a value a t exactly  
46 (diploid) (50 cells counted per culture w ith aberrations less th an  2 per 
cent). Tables 2 and  3 illustra te  the  effects of lysates from  cells containing
TABLE 1
Diploid* human peripheral blood leukocyte cultures at the time of establishment
No. Original culture Established
Interval
(days) Sex
Chrom/cell (100 cells) 
44 45 46 47 Polyploid
1 10.20.67 12.25.67 66 M 3% 94% 3%
2 11.01.67 12.26.67 55 M 3 3 92 2
3 11.03.67 12.21.67 48 M 5 94 1
4 10.14.67 12.26.67 73 M 1 4 91 2 (endo-
5 11.10.67 1.03.68 55 M 3 95
reduplic)
2
6 7.2S.67 1.03.68 159 M 2 97 1
7 10.26.67 1.09.68 75 M 1 99 0
8 10.30.67 1.09.68 71 F 1 2 94 3
9 11.17.67 1.02.68 49 M 3 2 93 1 1
10 11.04.67 1.09.68 66 M 1 98 1
11 11.16.67 1.09.68 55 M 1 1 95 1
Averages 70-18 1-73%
* See: Proposed usage of anim al tissue culture term s: Committee on Terminology, 1966 
(in References)
EBV, the  herpes-like virus found in approxim ately  1/2 of bo th  norm al and 
leukaem ic buffy coats from  peripheral blood. There were no d istinct chrom o­
som al lesions, however, increased polyploidy occurred. The ty p e  C chrom o­
some abnorm ality  described for virus infection was not encountered.
In  o ther studies w ith haem atopoietic cells from  several sources cultures 
could be grown which dem onstrated  w hat appeared to  be a helper ac tiv ity  
for in  vivo expression of a mouse leukaem ia virus (Friend virus). A lthough 
cultures from  hum an peripheral blood, bone marrow, lym ph nodes, and
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0 day Estab. 3 months Infinity
Fig. 1
TABLE 2
Diploid human peripheral blood leukocyte cultures at the time of establishment 
treated with cell lysates from cell containing H L V

























* Stem line =  46 (60 per cent) and 47 (40 per cent) w ith m inute chromosome abnorm ality 
present in three-day PH A -treated cultures, therefore, not the result of lysate treatm ent.
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1TABLE 3
Peripheral blood leukocyte cultures at time of 
establishment, treated with cell lysates in  humans

















* Indicates more than  75 per cent of the m etaphase figures show a value of exactly 40 
(diploid). F ifty  well spread m etaphase figures per culture examined. Less than  2 per cent of 
the metaphase figures had aberrations.
spleen, showed num erous transform ed b last ty p e  cells, the  ac tiv ity  has 
been lim ited to  spleens from  donors w ith chronic myelogenous leukaemia, 
H odgkin’s disease, and g ian t follicular cell sarcoma. A t the  present tim e 
m aterial from  61 hum an donors has been investigated, including norm al 
em bryos (negative) and  norm al adu lt spleen (negative). Spleens from  4 of 
6 individuals w ith  chronic myelogenous leukaem ia have shown evidence 
of helper ac tiv ity  which is increased during a 48-hour cultivation period. 
The following protocol shows the system  used in this study. These studies 
were done in collaboration w ith Dr. R . Steeves and  Dr. E. M irand.
PRO TO CO L F O R  P R E P A R A T IO N  O F H U M A N  SPE C IM E N S
Spleen (20 g) — m inced w ith scissors in Eagle medium  and  10 per cent FCS ;
first wash discarded (m ainly R B C ’s), b u t succeeding 
washes w ith each mince placed in separate bottles and 
cultures ;
final mince of tissue fragm ents cu ltured  in “ M aitland” 
set-up;
incubated a t 37 °C for 48 h and  fresh m edium  added 
p .r .n .  ;
— pooled culture fluids centrifuged 10 min.
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In ternational HR-1 10,000 rpm  (9,200 g)




Spinco ro to r 4ФЗО 29,500 (75,000 g)
supernatan t fluid 
(discarded)
pellet
resuspended in PBS to l/30th 
original volume
frozen in 1 ml aliquots at — 19(> °C 
or assayed im m ediately
V A R IA B L E S  TO B E  T E S T E D
(]) Donor tissue from  norm al vs. leukaem ic patien ts; clinical s ta tu s  
and  therapy .
(2) Cell separation mincing vs. trypsin iza tion ;
WBC vs. fibroblastic cultures.
(3) M edia- Cagles’, 1630, 199; concentration of PCS or US.
(4) Culture conditions -p a rtia l pressure of C 0 2; w ith or w ithout PHA.
(5) C entrifugation procedure biological ac tiv ity  of discarded pellet or 
su p ern a tan t fluid.
(6) Biological ac tiv ity  helper activ ity  for SFFV vs. d irect spleen focus­
forming activ ity .
(7) In d ica to r virus stock -  SFFV(GLV) pseudotype vs. hum an pseudotype 
of SFFV.
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ULTRASTRUCTURA L F К ATU R ES 
OF GONADOTROPIC PIT U IT A R Y  
CELLS IN  CULTURE
by
A .  T lX I E R - V lD A L
LABORATOIRE DE BIOLOGIE MOLÉCULAIRE, COLLÈGE DE FRANCE, PARIS, FRANCE
A study  of u ltras tru c tu ra l features of gonadotropic p itu ita ry  cells in culture 
m ust be placed into a functional context: our present concept of regulation 
of gonadotropic function.
A t the  p itu ita ry  level, th ree hormones partic ipa te  in the regulation of 
gonadal activ ity . Two glycoprotidic hormones, follicle stim ulating  horm one 
(FSH) and  luteinizing hormone (LH), control, in the  female, the  grow th, 
secretion and  rup tu re  of ovarian follicles, and, in the  male, the  sperm atogene­
sis and  the  m atu ra tion  and  secretion of in te rstitia l cells of the  testis. One 
protidic hormone, prolactin , discovered by its effect on th e  m am m ary  
gland, acts also a t several phases of sexual activ ity . In  the p itu ita ry  tissue 
each one of these th ree hormones is synthesized by a d istinct cell type, 
characterized by its stain ing affinities, cytochem ical properties and  u ltra- 
s tru c tu ra l features. Among the la tte r, the  m ean size of secretory granules, 
th e  stru c tu re  of the Golgi zone and  of the rough endoplasm ic reticulum  
(R ER ) allow to distinguish betw een the  cell types and to  estim ate the 
level of their secretory activ ity .
The secretion of each o f these th ree horm ones is under the  control of 
neuro-horm ones which are produced in the  hypothalam us and  then  carried 
to  the an terio r p itu ita ry  by  the po rta l vessels. Three different factors have 
been isolated from  bovine, ovine or porcine hypothalam us and identified 
by  their effects on the  release of each one of the th ree gonadotropic hormones: 
the  FSH  releasing factor (FR F) stim ulates the FSH  release, the  LH releasing 
facto r (LRF) stim ulates the  L H  release, the  prolactin  inhibiting factor 
(P IF ) inhibits the  prolactin  release. Nevertheless in birds, prolactin  secretion 
is also dependent on a stim ulato ry  hypothalam ic factor (PR F).
Lastly , in addition to  hypothalam ic factors, sexual steroids ac t also on 
gonadotropic p itu ita ry  cells and, therefore, on the  secretion of gonadotropic 
hormones.
Such complex regulations need to  be analysed in in vitro experim ents. 
In  fact, the  first known releasing factor ‘corticotropin releasing fac to r’ 
was discovered by  Guillemin and  Rosenberg (1955) in p itu ita ry  culture 
experim ents. I n  vitro m ethods have been and  are curren tly  used in  this 
research field. However, slice incubation techniques are more often  em ployed 
th an  regular cultures, such as organ culture, tissue culture, and  cell cultures. 
In  this paper, we will only deal w ith  these last nam ed methods.
In  spite of their g reat in terest, only few d a ta  are available on the u ltra- 
s tru c tu re  of cultured p itu ita ry  cells. Two im portan t contributions to  this 
field were published alm ost sim ultaneously. P etrovic found (1959, 1961,
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1963) in  guinea pig and  ra t p itu itaries th a t  in culture each one of the different 
cell types keeps its specific u ltras tru c tu ra l features in spite of the  rapid 
disappearance of secretory granules. Nevertheless, except in ‘epsilon’ 
cells, ergastoplasm  and Golgi zone are reduced, indicating a low, basal 
ac tiv ity . According to  th is au thor, functional differentiation of all p itu ita ry  
cell types is m aintained in culture, bu t their storage function is abolished. 
Pasteels (1963) ascertained, in ra t  and  hum an p itu ita ry  cultures, ergasto­
plasm extension of a cell ty p e  th a t he identified as prolactin  cells, by show­
ing an increasing ra te  of prolactin  production in the  culture medium. 
As to  the o ther cell types, including gonadotropic cells, Pasteels described 
th e ir progressive a trophy  and  disappearance in  culture. These two authors 
drew, therefore, opposite conclusions concerning p itu ita ry  cells subm itted  
to  trea tm en t w ith stim ulato ry  hypothalam ic factor.
In  this paper, we will describe u ltras tru c tu ra l features of p itu ita ry  cells 
in culture in th ree different biological models. Moreover, in order to  a ttem p t 
a dynam ic in terp re ta tion  of the sta tic  u ltras tru c tu ra l data , we will compare 
them  w ith results of horm one assays and  w ith results of tracer incorporation 
into proteins.
U L T R A ST R U C T U R A L  F E A T U R E S  O F  D UCK  PR O L A C T IN  C ELLS 
IN  O RG A N  C U L T U R E  
A N A LY SIS O F  T H E  S E C R E T O R Y  CYCLE
Physiological data
In  the  m ale duck, there is no specific and  m easurable receptor for p itu ita ry  
prolactin . In  order to  s tudy  the  neuro-endocrine regulation of this hormone, 
it was necessary to  use p itu ita ry  cultures. They were perform ed on synthetic 
medium supplem ented w ith  10 per cent duck serum  and 5 per cent chick 
em bryo ex tract, either by the  hanging drop m ethod (Tixier-Vidal and 
G ourdji, 1965; Tixier-Vidal and  P icart, 1967) or on stainless grids in Falcon 
organ culture dishes (Tixier-Vidal and Gourdji, 1970). As bioassay for 
prolactin , the  m icro-m ethod on pigeon crop-sac was used.
In  the  first step  we have shown th a t  prolactin  is produced a t a constant 
ra te  during the first and  second weeks of culturing, and  th a t  the  addition 
of a hypothalam ic ex tract to  the  medium  increases prolactin  production 
threefold (Gourdji and  Tixier-Vidal, 1966).
In  order to  estim ate the  secretion ra te  of p ro lactin  and  its renewal tim e 
in culture, we have com pared prolactin  tissue conten t before cultivation, 
a fte r one week and  a fte r two weeks of cultivation on one hand, to  the 
prolactin  level in culture m edia a fte r the  first and the second week on the 
o ther (Tixier-Vidal and Gourdji, 1970). The results (Fig. 1) allow the follow­
ing conclusions:
(1) P ro lactin  is present in the  culture m edium  a t a constan t level during 
the first and  second weeks of cultivation.
(2) The am ount of prolactin  liberated  into the  medium each week is 
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Fig. 1. P ro la c tin  secretion  b y  duck  p itu ita r ie s  m a in ta in ed  in o rgan  cu ltu re  for 
one and  tw o w eeks. A H  = adenohypophysis
(3) The am ount of p ro lactin  present in the tissue a fte r one week and 
a fte r two weeks of cu ltivation  is constant and  equal to  the in itial am ount 
in the uncu ltu red  gland.
I t  can, therefore, be concluded th a t de novo synthesis of prolactin  occurs in 
culture. The renewal tim e of prolactin  thus synthesized can be estim ated 
a t  48 h or 24 h depending upon the  experim ents. This tim e would, however, 
be shorter if partia l destruction  of prolactin  occurred either in the  m edia 
a fte r excretion, or in th e  tissue before excretion.
Ultrastructural data
Tissue cu ltured  for 1 or 2 weeks shows a simplified structure . Among the 
7 cell types previously distinguished in  situ  (Tixier-Vidal, 1965), only two 
re ta in  th e ir specific characters in culture. One of them  (type I) is more 
frequen t and  is identified by its polym orphic secretory granules, th e  size 
and  num ber of which greatly  differ from  one cell to  another. The well- 
developed ergastoplasm , Golgi zone and  the  presence of granule exocytose 
pictures, allow to assum e th a t such cells are able in  vitro as in  vivo to  sy n th e­
size and  to  release a horm one (Fig. 2). The second cell type is less frequent. 
These cells are sm aller and  contain spherical granules (mean dia. : 200 to  
250 my).  The ergastoplasm ic cisternae are always flat and  Golgi saccules 
are arranged in a ring. These cells look like gam m a or kappa cells b u t they  
are far less developed th an  in norm al p itu ita ry  tissue.
The predom inance and  the  level of activ ity  of type I  cells led us to  consider 
them  pro lactin  cells, and  we used them  as a model for a finer analysis of 
the  secretory cycle w ith a labelled precursor.
Protein cycle in  duck 'pituitary cultures
In  order to  stu d y  the  pro tein  cycle in our cultures, we exam ined the  incorpora­
tion  of tr it ia te d  L-leucine into tissues and  secretory proteins. A fter a  short 
pulse (5 min or 10 min) we followed by high resolution autorad iography the 
m igration of newly synthesized proteins either in  th e  cell s tructu res (Tixier- 
Vidal and  P icart, 1967) or in the tissue and  in the  culture media, afte r
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F ig . 2. P ro lac tin  cells in  duck  p itu ita r ie s  cu ltu red  for tw o w eeks. N otice th e  develop­
m e n t o f th e  Golgi zone and  th e  tw o  d ifferen t form s o f th e  ergastop lasm ic  c isternae. 
M ateria l fixed w ith  g lu ta ra ld eh y d e  and osm ic acid. Section  co n tra s te d  by  u ra n y l 
a ce ta te  and  lead  c itra te . X 26,000
TCA precipitation and counting of the  protein rad ioactiv ity  (Tixier-Vidal 
and  G ourdji, 1970). W ith high resolution autoradiography, we found th a t  
the  newly synthesized in tracellu lar proteins follow the  classic pathw ays 
already shown for o ther g landular cells. A fter their synthesis in  th e  ergasto- 
plasm they  are concentrated  in the  Golgi zone w ithin 30 min (Fig. 3). 
They then  m igrate ou t of th is area, the  em ptying of which is accomplished
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F ig . 3. P ro la c tin  cells in  d u ck  p itu ita r ie s  cu ltu red  for 12 days. T issues a re  fixed 20 m in  
a f te r  th e  beg inn ing  of th e  chase, follow ing a  15 m in  pu lse  in th e  presence o f tr it ia te d  
L-leucine. T issues a re  p rep a red  for au to rad io g rap h y . T he rad io a c tiv ity  is seen in  th e  
nucleus, Golgi zone and  cy top lasm  or ergastop lasm . T he secre to ry  g ran u les  a re  n o t
labelled , x  17,000
in abou t 4 h  (Fig. 4). These proteins become d istribu ted  in equal am ounts 
betw een the protein  granules on the  one hand, and  the  cytoplasm  (sedentary 
proteins) on the  other. Several peculiarities seem to  distinguish p itu ita ry  
cells from  others, a t  least in culture: (i) the em ptying of the  Golgi zone is 
slow, (ii) the  percentage of labelled granules is low (max. 3 per cent) and 
th en  decreases slowly (1 per cent in  40 h), (in)  a large portion  of newly 
synthesized proteins (40-50 per cent) rem ains localized in th e  cytoplasm  
outside the  secretory granules.
As far as th e  whole culture is concerned, it  can be concluded from  a 
q u an tita tiv e  s tudy  of the events during the  chase of the  rad ioactiv ity  of 
proteins in the  tissues and  in the culture media, th a t:
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Fig. 4. Sam e m a te ria l as in F ig . 3, b u t here  fixa tion  w as m ad e  a f te r  1 li o f chase. 
T he Golgi zone con ta in s  only  few silver g rains, b u t  in  c o n tra s t to  F ig . 3 severa l secre­
to ry  g ran u les  a re  labelled. X 18,000
(1) The tr itia te d  leucine molecules are incorporated very rap id ly  into 
tissue proteins.
(2) The rad ioactiv ity  of these proteins is m axim um  a t the  beginning 
of the  chase. This m axim um  is followed by  a tw o-phase decrease, a rap id  
first phase of 30 min or 1 h, and  a slower second phase.
(3) The rad ioactiv ity  of proteins in the  culture medium begins to  increase 
afte r 30 min or 1 h of chase.
I t ,  therefore, appears th a t, in our cultures, neosynthesis of proteins is 
followed by  m igration and  excretion into the  medium. The delay between
48
the  synthesis in the  tissue and  the  appearance of radioactive proteins in 
the  medium  seems to  correspond to  their in tracellu lar m igration from  
ergastoplasm  to secretory granules. Therefore, synthesis and release are 
two distinct phenom ena.
In  conclusion, the use of three different approaches: bioassay, high resolu­
tion  autorad iography and  the kinetics of tracer incorporation into to ta l 
proteins, allow to characterize the  biosynthetic and  secretory capacity  of 
duck prolactin  cells in organ culture.
U L T R A ST R U C T U R E  O F L H  C EL L S IN  R A T  P IT U IT A R IE S  
C U L T U R E D  F O R  TW O  W E E K S  IN  T H E  P R E S E N C E  
A N D  A B SE N C E  O F L R F
Physiological data
Our kinetic d a ta  on L H  secretion by  ra t p itu itaries m ain tained  in organ 
culture (Tixier-Vidal et ah, 1970) show w ithout any doubt th a t  th is model 
is quite different from  th a t  of duck prolactin  cells.
Male ra t  p itu itaries were cultured in Falcon organ culture dishes (one 
p itu ita ry  per dish) using 199 synthetic  medium  supplem ented w ith  10 
per cent calf serum, 5 per cent foetal calf serum  and  5 per cent chick em bryo 
ex tract. Purified L R F  was added to  this medium  in two different doses: 
either 0-5 fig or 2 yg/m 1, and  renewed every 2 or 3 days. L H  was m easured 
by radio-im m unoassay (Kerdelhué et al., 1970). The sensitiv ity  of th is test 
allows to  ob tain  individual d a ta  for each cu ltu red  p itu itary , bo th  for the 
tissues and for the media, as a function of the  tim e of culturing. In  the 
present paper, we only deal w ith 3 series of 12 p itu itaries cu ltured  for 12 or 
14 days. In  control cultures, LH  level in the  m edia greatly  decreased 
during the  first week and  th ereafte r had  a tendency to  rem ain constan t or to  
slightly increase. The tissue content a t  the  end of the culture period was 
m uch lower th an  the  initial content. Moreover, the  to ta l L H  harvested  in 
culture (tissue -f- medium) is also lower th an  the initial content. This is 
evident in series C. 69. In  series C. 65 and  C. 66 the  to ta l L H  production 
was higher, b u t did no t differ considerably from  the m ean L H  content of 
male ra t p itu ita ry  (between 5,000 to  10,000 ng/AP).
W hen p itu itaries were cultured in the presence of L R F  from  the  th ird  
day to  the end (12th or 14th day), we noticed a m arked increase of the 
release of L H  in the  m edium . A t the  same tim e, the LH tissue content was 
constant or slightly increased. Nevertheless, even under these conditions, 
the  to ta l L H  production (tissue -)- medium) did  not clearly exceed the  
p itu ita ry  initial content.
These d a ta  indicate th a t in the  culture some of the LH are destroyed, 
the  ex ten t of which depends more or less on the series. Nevertheless, we 
notice, from  C. 69, th a t  a low LH production does not p revent a high 
reactiv ity  to  L R F; this suggests a healthy  s ta te  of the cultures.
I t ,  thus, appears th a t  in this model the  results of horm one assay are not 
sufficient to  establish w hether or not there occurs a synthesis of L H  in 
the  absence or in the presence o f LR F.
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UItrastructural features
(a) In  control cultures we found hyperactive pro lactin  cells as previously 
described by Petrovic and  Pasteels. These cells are recognized by  th e ir 
well-developed flat ergastoplasm ic cisternae, arranged in parallel rows 
or sometimes in  Nebenkerne. Secretory granules are generally sparse, b u t 
more num erous in some cells. They are volum inous (m ean d iam eter : 250 to  
300 m/r), rounded or ovoid (Fig. 5).
Fig. 5. R a t  p itu ita r ie s  m a in ta in ed  in  cult ure on a  co n tro l m ed ium  for 14 days. P , 
a  p ro lac tin  cell w ith  num erous fla t ergastop lasm ic  c is te rnae  a rranged  in p a ra lle l row s. 
L H , cells con ta in ing  tw o  g ranu le  p o p u la tio n s  differing  in  th e ir  respec tive  m ean  d ia ­
m eters; th e  ro u g h  re ticu lu m  is n o t developed, th e  Golgi zone is n o t a tro p h ied . M ateria l 
is fixed w ith  g lu ta ra ld eh y d e , osm ie acid and  u ra n y l a ce ta te . Sections a re  co n tras ted
w ith  lead  c itra te , x  9,000
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F ig . 6. Sam e m a te ria l as in F ig . 5. T issues p rep a red  for d e tec tio n  o f  acid p h o sp h a tase  
a c tiv ity  b y  th e  G om ori m ethod . T he reac tio n  p ro d u c t is a b u n d a n t in  large g ran u les  
(arrow s). T hey  a re  sca tte red  in  the  Golgi zone and  in  som e m ito ch o n d ria . X 26,000
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Between pro lactin  cells, o ther cell types are scattered . Among them  
we indentified LH cells on the  basis of th e ir features previously defined in 
ra t  p itu ita ry  in  situ  (F arquhar and R inehart, 1954; H erlant, 1964). Two 
characters draw  our a tten tio n : the linear or ben t ergastoplasm ic cisternae, 
and  the  tw o populations of granules differing in size. In non-cultured ra t 
p itu ita ries  LH cells contain two granule populations differing by their 
respective m ean diam eter : 150 to  200 rri/i and 400 to  550 mц. In tissue 
m ain tained  tw o weeks in culture, LH  cells are small, rounded or ovoid 
(Fig. 5). They generally have num erous sm all granules m ixed w ith sca tte red  
large granules (until 700 m ц  dia.). In  sections p repared  for the  localization 
o f acid phosphatase these large granules are rich in reaction product and 
m ight thus considered lysosomes (Fig. 6). In  such LH cells, the  ergasto­
plasm ic cisternae are scarce and the Golgi zone is sm all though not atrophied 
(Fig. 5).
On th e  whole, L H  cells, in tissue cultured w ithout L R F, re ta in  
u ltra s tru c tu ra l features suggesting a possible persistence of some synthesis. 
Moreover, the  presence o f num erous lysosomes could indicate an  intracellular 
destruction  of LH th e  release of which is low. In  addition to  this in tra ­
cellular destruction , o ther processes could explain the  loss of L H  during 
th e  entire period o f culturing, such as (i) necrosis of some L H  cells p a rtic ­
u larly  during the  first days of culture, when LH  release is greatly  decreas­
ing and  (ii) a possible proteolysis of LH a fte r its release in to  the  m edium.
(b) I n  culture m aintained on LR F -containing m edium , a f te r  tw o weeks, 
th e  appearance of LH cells is greatly  modified. T hey  take on an  am aeboid 
shape and  th ey  pene tra te  am ong the  always active prolactin cells (Fig. 7). 
The diam eter of th e  small g ranulations decreases (to less th an  100 mp) 
and  they  are gathered  a t th e  cell periphery. The large granulations (lysosomes) 
appear less num erous and  less rich in enzyme reaction product. Moreover, 
th e  flat ergastoplasm ic cisternae are well developed and  the  Golgi zone is 
largely expanded w ith  several stacks of saccules, num erous microvesicles 
and  segregating secretory granules (Fig. 8). Such pictures suggested th a t 
th e  increased L H  release observed in the presence of L R F  is, a t least partly , 
th e  result of a high stim ulation  o f the  cytoplasm ic organelles such as 
ergastoplasm  and  Golgi zone involved in syn thetic  processes.
In  sum m ary, tw o ten ta tiv e  conclusions can be draw n from  the  u ltra- 
s tru c tu ra l stu d y  of LH cells in cu ltured  ra t  p itu itaries : (1) in the  absence 
o f LRF they  are capable to  m aintain  a certain  level of horm onal synthesis, 
(2) in the presence of L R F  th is synthesis is highly stim ulated.
These conclusions ought to  be ascertained by  o ther m ethods. W ith this 
object in view, we have in itia ted  (in collaboration w ith  Dr. J u tisz ’s group) 
th e  kinetic s tu d y  of incorporation into LH of trit ia te d  proline by ra t 
p itu itaries previously cu ltured  for 7 days. The tr itia ted  LH  is isolated by 
im munological m ethods (K erdelhué e t al., 1971). Our first results clearly 
show th a t neosynthesis occurs in culture and  in the absence of LR F.
Fig. 7. R a t  p itu ita r ie s  m ain ta in ed  in cu ltu re  from  d ay  2 to  d ay  14 in the  presence of 
L R F  (2 y per m l renew ed each 2 o r 3 days). P , pro lact in cell w ith  we 11-developed Golgi 
zone (g). L H  cells a re  m uch  m ore developed th a n  in F ig . 5. N o te  th e  app ea ran ce  of 
th e  ergastop lasm ic  c is te rn ae  e ith e r irregu la r o r in para lle l row s, and  th e  decreasing 
d iam eter o f the  sm all g ranu les. Sam e techn iques as in F ig . 5. X 14,000
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F ig . 8. Sam e m a te ria l as in  F ig . 7. T issue p rep a red  for d e tec tio n  o f acid  p h o sp h a tase  
ac tiv ity . D e ta il o f th e  G olgi zone o f a  s tim u la ted  L H  cell. C om pare w ith  F ig . 6. T he 
Golgi zone is la rgely  expanded  w ith  num erous saccules and  vesicles lack ing  reac tio n  
p ro d u c t. T he large g ranu les a re  a lm ost devoid  o f reac tio n  p ro d u c t. T he sm all secre to ry  
g ran u les  are  lined along th e  cell m em brane. X 26,000
U L T R A S T R U C T U R A L  F E A T U R E S  O F  R A T  P IT U IT A R Y  C EL L S 
O F  T H E  G H3 S T R A IN
I t  seemed in teresting to  com pare the tw o previous models w ith some recent 
results ob tained  in m y labora to ry  by  Gourdji (1971) concerning p itu ita ry  
cells from  the  GH3 stra in  m ain tained  in cell culture for several years. 
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F ig . 9. R a t  p itu ita ry  cells o f th e  G H 3 s tra in . Cells grow ing in  suspension. T he secre to ry  
g ran u les  a re  ex trem ely  scarce. T he Golgi zone is com posed o f  3 subun its . I  he  fla t 
ergastop lasm ic  c is te rnae  a re  sca tte red . F ix a tio n : g lu ta ra ld eh y d e , osm ic acid, u ra n y l 
a ce ta te . Sections are  co n tra s te d  w ith  lead  c itra te . X 10,000
tum ours induced by  oestrogen in W is ta r-F u rth  female ra ts. According 
to  T ashyian e t al. (1970) the GH3 stra in  produces prolactin  and  grow th 
horm one sim ultaneously. Dr. Sato sent us a sam ple of this s tra in  and we 
could m ain tain  it in our laboratory  for some m onths. We have confirmed by  
pigeon crop-sac bioassay the  high level of prolactin  production in the 
medium.
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Fig. 10. Sam e m a te ria l and  sam e techn iques as in F ig . 9. A d e ta il show ing th e  sm ooth  
re ticu lu m  in  th e  Golgi zone and  th e  num erous polysom es in  th e  cy top lasm . H ere  
again  th e  secre to ry  g ranu les are  very  ra re , and  th ey  are  localized along th e  cell m em ­
b rane  (arrow s). X 44,000
56
This model differs from  the two models described previously in two 
im p o rtan t points : (1) the high ra te  of cell division (generation tim e : 20 
to  30 h) and  (2) the  brief renewal tim e o f pro lactin  content : ! h according 
to  T ashyian et ah (1970). This value is far less th an  th a t obtained from  
in  vivo d a ta  : 91 h in male ra t, 21 h in oestrogenized female ra t, 10 h in 
g rafted  ra t  p itu itaries (Nicoll and  Swearingen, 1970).
U nder the  electron microscope, these cells have been seen to  have very 
few sm all granules, e ither dispersed or lined along the cell m em brane 
(Fig. 9). In  the cytoplasm , polysomes and  ribosomes are ex traord inarily  
ab undan t (Fig. 10) b u t the flat ergastoplasm ic cisternae are less num erous 
th an  in prolactin  cells from p itu ita ry  organ cultures. The Golgi appara tus 
is divided into 2 or 3 subunits composed of saccules and  micro vesicles, 
b u t condensing secretory granules are unfrequent (Fig. 10).
The pictures are quite different from  those obtained with active ra t 
prolactin  cells either in  vivo or in organ culture. Here the ergastoplasm ic 
cisternae are less developed, the  Golgi zone is divided into several subunits, 
granule segregation in the  Golgi zone and granule exocvtosis are scarce. 
All these features are in good correlation with a low hormone content. 
Nevertheless, the  shortness of the renewal tim e of the pro lactin  cell content 
indicates intensive synthesis as well as release of the specific protein. 
This contrasts w ith th e  u ltras tru c tu ra l organization of these cells which 
almost look like ‘em bryonic’ cells. I t  seems th a t in this case there is an 
im portan t acceleration of the  in tracellu lar m igration of the  secretory 
protein. Some stages of th is m igration such as concentration in the  Golgi 
zone and especially storage of secretory granules, m ight be skipped. The 
determ inism  of such a transform ation  of secretory process is unknown. 
One can p u t forw ard the  loss of cellular in teraction  in cell culture or perhaps 
a  previous m alignant transform ation  which facilitates the establishm ent of 
cell strains. F u rth e r work is needed in order to  answer these questions.
C O N C LU SIO N S
The final aim  of studies w ith cultured  cells is the  b e tte r  understanding  
of in vivo in tracellu lar regulatory  mechanisms. From  this po int of view, 
confrontation of the  u ltras tru c tu ra l features of th ree different p itu ita ry  
cells cultured  in vitro definitely shows th a t it would be p rem ature  a t present 
to  piopose a single model for the  regulation of the secretory activ ity  of 
the  p itu ita ry  cells.
The u ltras tru c tu ra l criterion appears to  vary  in close correlation with 
th e  renewal tim e of th e  cells’ horm one content. We do not know, however, 
which one ol these tw o phenom ena determ ines the other. Furtherm ore, 
these phenom ena are, in tu rn , determ ined by  the  chemical n a tu re  of the  
specific hormone or bv  th e  type of control regulating in  vivo the  secretion 
of th is hormone. F u rth e r research is still necessary in this field, especially 
as far as the  mechanism  of p itu ita ry  cell differentiation is concerned.
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COM PARISON OF T H E  E FFE C T S OF ACTH ON T H E  NU M BER 
O F M ITOCHONDRIAL P R O F IL E S  IN  CORTICAL 
CELLS AND ON T H E  CONVERSION OF PR O G ESTERO N E-4-14C 
INTO CORTICOSTERONE AND 18-OH-DOC IN  TISSU E 
CULTURES OF FO ETA L RAT ADRENALS*
by
A. I . K a h m , A . L y y t ik ä in e n , S. Pe so n e n  an d  A. Sa u re  
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B ased on two different protein synthetic  system s, nuclear and  m itochondrial 
in  vitro studies have shown th a t  ACTH is an inducer in the u ltras tru c tu ra l 
d ifferen tiation  of cortical cells (K ahri, 1966) and  m itochondria (K ahri, 
1968, 1970, 1971; K ahri e t al. 1970). However, recent findings indicate th a t 
the  site of ACTH stim ulato ry  ac tiv ity  is in the  nucleus (K ahri, 1971). 
O ther stim ulato ry  effects on m itochondrial d ifferentiation result from  
chloram phenicol-sensitive m itochondrial pro tein  synthesis (K ahri, 1970), 
which is also m ediated by  cycloheximide-sensitive cytoplasm ic ribosom al 
pro tein  synthesis (K ahri, 1971). These results suggest the  existence of a 
specific cytoplasm ic m itochondrial protein synthesis stim ulating  factor 
which is probably  a p ro te in  and which m ay be a m ediator of ACTH action 
to  the m itochondria. Corticosterone is the final p roduct o f the highly 
d ifferen tiated  m itochondria of ra t adrenocortical cells (Sharm a et ah, 
1962; Pèron et al., 1966; G uerra et al., 1966; K im ura and Suzuki, 1967; 
K im ura, 1968), because th e  enzyme 11/3-hydroxylase is located in the  
m itochondria and more specifically in the  subfraction  derived from their 
inner m em branes (Yago and  Ichii, 1969). I n  vitro studies also indicate 
th a t m itochondrial protein synthesis is partia lly  responsible for the produc­
tion  of s tru c tu ra l p ro tein  in cristae (K ahri, 1970) and  th a t the ACTH-induced 
s tru c tu ra l changes in the  m itochondria correlate very well with the ACTH- 
induced increase in enzyme ac tiv ity  of m itochondrial 11/3- and  18-hydroxy­
lases in the  cu ltivated  cortical cells of fetal ra t  adrenals (K ahri e t al., 1970).
To this end we have stud ied  w hether this ACTH induced increase in the 
capacity  of cortical cells to  hydroxylate progesterone a t  the  11/3- and  
18-positions were due to  the changes in the  num ber of m itochondria. 
M itochondrial profiles were counted in cortical cells by  light microscopy 
an d  the  m etabolites of progesterone-4-14C were sim ultaneously analysed 
from  the  corresponding medium.
Tw enty-one-day-old foetal albino ra ts  of the  Spraque-D aw ley stra in  
were sacrificed by decapitation. Their adrenals were explan ted  as tissue 
cultures. The average am ount of tissue per culture was abou t 7 to  10 adrenals. 
T he culture m ethod em ployed was found in earlier studies (K ahri, 1966) 
to  be suitable for long-term  cultivation  of adrenals. The m edium  contained 
50 per cent Melnick “A ” (0-5 per cent lactalbum in hydrolysate in H anks’ 
B alanced S alt Solution), 25 per cent calf serum  (heat inac tiva ted  a t  56 °C 
for 30 m in and  Seitz-filtered) and  25 per cent E agle’s M inimum E ssential
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ANALYSIS I ANALYSIS II
F ig . 1. Schem atic  rep re sen ta tio n  o f th e  design of tissue cu ltu re  ex perim en ts . On th e  
16th (lay o f cu ltiv a tio n  0-20 / i d  o f p rogesterone-4 -l4C w as added  to  the cu ltu re  m edium . 
O n the 17th day , i.e. a f te r  24 h, th e  m ed ium  w as rep len ished  and  old m ed ium  analysed  
for p rogesterone m e tabo lites . E v e ry  d ay  from  th e  17th d ay  on, up  to  and  includ ing  
th e  22nd d ay  o f c u ltiv a tio n  A CTH  w as added  to  th e  m edium  o f som e cu ltu res . O n 
th e  22nd d ay  of cu ltiv a tio n  0-20 pC i of p rogesterone-4 -14C w as ad d ed  for th e  second 
tim e  to  th e  m ed ium  of tissue cu ltu res  and  on the  23rd d a y  th e  m ed ium  w as rem oved 
and analysed  for p rogesterone  m e tab o lite s  and  cells fixed in situ  for e lec tro n  m icro ­
scopy and  for m ito ch o n d ria l coun ting
Medium (Pharm aceutical M anufacturer, Orion Oy, Helsinki). Adreno- 
corticotrophic horm one (Cortrophine, pig ACTH, Organon) was added to  
the  culture m edium  in the  am ount of 0-1 U  per ml every day  for six days 
from  the 17th day  of cu ltivation  up  to  and including the 22nd day. The 
m edium  was changed every fifth day.
The substrate. Progesterone-4-14C (The Radiochem ical Centre, Am ersham ) 
w ith  specific ac tiv ity  of 69 p Ci per mg, was purified on TLC (chloroform : 
acetone, 9: 1) and dissolved in  a propylene glycol-ethanol m ix ture (v/v 
95 : 5) a t the  concentration of 1 /iCi per 200 и 1. 40 pi of this solution,
equivalent to  0-20 /<Ci (445 X  103 DPM) of progesterone-4-I4C (about 3 у 
of progresterone) was used for a single culture and  added to  the  culture 
medium  by  an ‘A gla’ m icrom eter syringe having an accuracy of +  0-1 
pi. As schem atically presented in  Fig. 1, progesterone-4 14C was first added 
on the  16th day  of cultivation and  a fte r 24 h the  m edium  was rem oved 
and used for the  first stero id  analysis (control value). New m edium  was 
added and on the 22nd day  of cu ltivation  progesterone-4-14C was added 
the  second tim e to  the  m edium; a f te r  24 h of cultivation, on the  23rd 
day th e  m edium  was rem oved and analysed for progesterone m etabolites 
(second steroid analysis, experim ental value). Cells were fixed for electron 
microscopy. Tissue cultures were carefully studied during experim ents 
and  before fixation by  phase con trast microscopy.
Electron microscopy. Cultures were fixed in  situ  in 2-5 per cent glut arai - 
dehyde in H an k s’ BSS ad justed  to  pH 7'2 a t the beginning of fixation 
and postfixed in 1 per cent osmium tetrox ide w ith phosphate buffer 
(Millonig) or in 1 per cent osmium tetrox ide in H an k s’ BSS. A fter fixation 
they  were dehydrated  in graded series of ethy l alcohol and em bedded in  
situ  in a m ixture of E pon 812 (Shell Chemical Corp., New York) and A raldite 
6005 (Ciba, Basel). Thick sections were stained w ith toluidine blue for light 
m icroscopy and  th in  sections were cu t w ith Sorval MT-1 ultram icrotom e
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F igs 2 -3 . M onolayer colony o f co rtica l cells o f fœ ta l ra t  ad rena ls  cu ltiv a ted  in tissue 
cu ltu re  for 23 days. V ertica l section  sta ined  w ith  to lu id ine  b lue. B a rs  in  F ig . 2 p resen t 
a re a  in Fig. 3 w ith  h igh pow er ob jec tive . N o te  th e  b o tto m  surface of cu ltu re  (arrow s). 
H o rizo n ta l line in Fig. 3 p resen ts  th e  section  p lane in  F ig . 4 w hich h as been used in 
m ito ch o n d ria l count ing. N o te  in Fig. 3 th in  sheets o f fib rob lasts in b o th  sides o f co r­
tic a l cell m onolayer. X 170 and  X 1,700, respectively  
F ig . 4. H orizon ta l section  ot th e  m ono layer o f co rtica l cells in tissue cu ltu re  of foetal 
r a t  ad rena ls  c u ltiv a ted  for 23 days, x  340
F ig . 5. H o rizo n ta l section  of co rtica l cells in m ono layer colony in tissue cu ltu re  o f  
foe ta l ra t ad rena ls  cu ltiv a ted  for 211 d ay s in th e  absence o f A C TH . S ta ined  w ith  to lu id ine 
b lue. M itochondria  a re  very  easily  visualized as grey  g ranu les, x 1,700 
F ig . 6- H orizon ta l section  of co rtica l cells in m onolayer colony in tissue cu ltu re  o f 
foetal ra t ad rena ls  cu lt iva ted  fo r 2)1 d ay s  and  s tim u la ted  w ith  AOTH for (5 days. N o te  th e  
g rey  g ran u les  as m ito ch o n d ria  and  som e black  lipid g ranu les (arrow s). N ote also th e  
en la rg em en t o f cell size and  nucleus. X 1,700
using glass knives. The sections were stained  w ith  0-2 per cent lead citra te  
for 20 sec (Venable and  Coggeshall, 1965). E lectron m icrographs were made 
a t  original m agnifications of 1,500—30,000 w ith  a H itach i electron microscope.
Mitochondrial counting. The num ber of m itochondrial profiles in random ly 
sam pled cortical cells was counted in horizontal sections (Figs 4-6). The 
section plane was chosen as presented in Figs 2 - 3  and it  was approxim ate­
ly 7 Ц from  the  lower surface of the  cortical cell colony which was covered 
by th in  fibroblastic sheets on bo th  sides. M itochondria were counted only 
in  cortical cells which had  in  the  section plane nucleus and nucleolus. 
A pproxim ately 500 cortical cells in  five colonies were counted bo th  in 
control and  A C TH -treated cultures. M itochondria were easily visualized 
in toluidine blue sta ined  th ick  plastic sections, and  the  na tu re  of the  granules 
was established electron microscopically using th in  sections followed by 
th ick  sections. Occasionally there were very  few lysosomes found in  the 
cytoplasm  of cortical cells which could not be differentiated from  the 
m itochondria in  th ick  sections.
Steroid analysis. Chrom atography. T hin layer chrom atography (TLC) 
was carried ou t on a 0-25 mm layer of Silica Gel G (Merck). R adioactive 
progesterone m etabolites were separated  by  the  techniques described by 
Pesonen and  Saure (1969). M ultiple (repeated) and bidim ensional TLC- 
techniques were also used according to  Lisboa (1963, 1966). Solvent system s 
used in TLC were slightly modified (K ahri e t ah, 1970).
E x trac tion , purification, separation  and  identification of m etabolites of 
progesterone-4-14C were carried ou t using techniques described earlier 
(K ahri e t ah, 1970). The final characterization of the radioactive progesterone 
m etabolites was carried out by  derivative form ation w ith subsequent 
chrom atographies on TLC and  by  recrystallization to  constan t specific 
ac tiv ity  as described earlier (K ahri et ah, 1970).
Cortical cells of fœ tal ra t  adrenals in tissue culture have an  u ltras tru c tu re  
of zona glom erulosa cells (K ahri, 1966, 1968, 1970) (Figs 7 and  8). D uring 
6 days’ ACTH stim ulation  th ey  differentiate into zona fasciculata cells 
(Fig. 9), and  the m ost specific affect of ACTH is the  transform ation  of 
zona glomerulosa m itochondria, which have tu b u la r or lam ellar in ternal 
m em branes (cristae), in to  zona fasciculata m itochondria w ith  vesicular 
inner m em branes (600 À vesicles) (Fig. 10) (see also K ahri, 1966, 1968, 
1970; K ahri e t ah, 1970).
The m ean num ber of m itochondrial profiles in a horizontal section of 
cortical cells in  tissue culture of fe ta l ra t  adrenals in th e  absence of ACTH 
was 24-8 +  0-55 (m ean +  S.E.). D uring ACTH stim ulation there is a very  
significant increase in the  num ber of m itochondrial profiles. The m ean 
num ber of m itochondrial profiles in a horizontal section of cortical cells 
a fte r ACTH stim ulation  is 9 0 6  +  1-77 (Table 1). The m ean num ber of
TABLE 1
Number of mitochondrial pro files in  a horizontal section of cortical cells 
in  the presence or absence of A C T Il in tissue culture of foetal rat adrenals
Mean S.E. V
Control 499 24-8 ± 0 -5 5
ACTH 498 90-6 ± 1 -7 7 0-001
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Figs 7 -8 . C ortical calls in t  issue cu ltu re  of foe ta l r a t  ad rena ls  cu ltiv a ted  for 23 d ay s in 
th e  absence o f AOTH. N o te  th e  ty p ica l u ltra s tru c tu re  o f zona g lom erulosa cells and 
th e  m itochond ria  w hich h ave  tu b u la r  or lam ellar in te rn a l m em branes (cristae). x  9,500
and  X 34,800, respectively
04
Fig. 9. C ortical cells in tissue cu ltu re  o f foe ta l r a t  ad rena ls  c u ltiv a ted  for 23 d ay s  and  
tre a te d  w ith  A CTH for six days. N o te  th e  increase in th e  num ber o f m ito ch o n d ria  and 
tran sfo rm atio n  of the inner m em branes of m itochond ria  in to  (»00 A vesicles. X 9,300
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F ig . 10. M itochondria  in  co rtica l cell tre a te d  w ith  A CTH  for 6 days. C u ltiv a ted  for 23 
d ay s . N o te  th e  deve lopm en t o f 600 Â vesicles in th e m a tr ix  o f m itochond ria . X 72,200
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m itochondrial profiles in cortical cells in control cultures varies between 
20-0-35-2, and in ACTH trea ted  cortical cells 69-4-113-2 in different colonies 
(Table 2). There was a significant difference between the m ean num ber of 
m itochondrial profiles in cortical cells in each separate colony of the ACTH 
trea ted  culture and  th e  corresponding value in each colony of the  control 
culture (f-test) (Table 3).
TABLE 2
Number of mitochondrial profiles in a horizontal section of cortical cells in  
different colonies of a tissue culture of fœ tal rat adrenals in  the presence or 
absence of AC TH  (n  =  number of counted cells)
No. of colony n Mean S.E.
C o n tro l 1 111 3 5 -2 ±  3 -3
2 6 2 2 3 -7 ±  3 -0
3 174 2 0 -0 ±  1 -5
4 36 2 3 -4 ±  3 -9
5 1 1 6 2 2 -9 ±  2-1
A CTH 6 1 24 8 1 -3 ±  7 -3
7 101 1 1 3 -2 ± 1 1 - 3
8 121 9 6 -0 ±  8 -7
9 5 3 9 6 -6 ± 1 3 - 0
10 9 9 4 6 9 -4 ±  6 -9
TABLE 3
Comparison of statistical significance (t-test) of mean number of mitochondrial profiles of cortical 
cells in  separate colonies in  A C TH  treated culture with the corresponding values in  cortical cells
of each colony of control culture
Control
1 3 4 5
() 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1
14-2.8 1 7 -3 1 14 -21 1 4 -6 9 1 1 -5 6
7 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1
1 4 -4 8 1 5 -6 0 1 3 -2 2 1 4 -6 9 1 3 -1 5
8 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1
2 5 -0 8 2 6 -7 9 2 2 -9 4 2 4 -8 1 2 2 -7 2
9 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1
1 1 -2 3 1 2 -0 1 1 0 -1 8 1 1 -4 4 1 0 -3 0
10 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1 0 -0 0 1
1 9 -8 9 2 1 -4 3 1 8 -2 0 2 0 -2 0 1 8 -0 1
Following TLC I  (system  1) six to  seven radioactive peaks were recorded 
by scanning on TLC plate  in all analyses (Fig. 11) (K ahri e t ah, 1970). 
Figure 11 shows this typ ical d istribu tion  p a tte rn  of rad ioactiv ity  in one of 
the  analyses and  the  fu rth e r identification of these fractions. The first 
fraction  appeared to  be appreciably more polar th an  corticosterone and 
aldosterone in the sam e system , indicating m ore th an  two hydroxyl groups 
incorporated  in  the original progesterone molecule. No efforts have been 
made, however, to  iden tify  this m etabolite (see K ahri e t ah, 1970). The
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Fig. 11. A scann ing  record  a f te r  TL( ' 1 show ing a  Seven p eak  d is tr ib u tio n  p a tte rn  o f 
rad io ac tiv ity  e x tra c te d  from  one tissue cu ltu re . P2 corticosterone  | 18-OFT-DOC,
P3 I 1 /i-hydroxyprogesterone -)- one unknow n m etabo lite , P4 DOC -J- 20 
a -h y d ro x y  progesterone, P5 =  unknow n, unspecific m etabo lite , P6 p rogesterone
TABLE 4
Ргодез1егопе-4-ыС metabolism in tissue cultures of fetal rat adrenals in the absence 
of A C TH , analysed on the 17th and 23rd days of cultivation
Mean
Fraction n cpm S.E. P
P2
Control 1В 9 6-030 : 309
Control 23 9 3-S70 ±  280 0-001
P3
Control 16 9 7-435 ±  636
Control 23 9 11-423 ±  456 0-001
14
Control 16 9 7-240 ±  301
Control 23 9 9-1X4 ±  876 0*05
Control 16 9 5-491 ±  333
Control 23 9 5-385 ±  240 NS
PC.
Control 16 9 13-823 ±1760
Control 23 9 5*377 ±  220 0*001
Total count 
Control 16 9 42*164* ±  780
Control 23 9 36-737 ±1373 0-01
* 0-20 y d  of progesterone-4-14C and not inactivated serum.
P2 =  corticosterone -f- 1S-OH-DOC; P3 =  11/hhydroxvprogesterone 1 one unknown 
m etabolite; P4 =  DOC ! 20 a-hydroxyprogesterone; P5 =  unknown, unspecific m etabo­
lite; P6 =  progesterone.
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■second fraction contained corticosterone and  18-0 H- DOC (18-hydroxy- 
-deoxycorticosterone), th e  m ain steroids produced by ra t adrenals. The 
th ird  fraction  contained 11/3-hvdroxy progesterone and one unknown 
m etabolite of progesterone. The fourth  fraction contained DOC (deoxy­
corticosterone) and 20a-hydroxyprogesterone. The fifth fraction  was an 
unknow n m etabolite of progesterone and not specific for adrenals (unpub­
lished results). The six th  fraction  was a  progesterone fraction. Occasionally 
there was also a seventh  fraction. Because of its high apolarity  on TLC, 
it was m ainly considered an  arte fac t, especially as it was not recovered in 
all incubations (see also K ah ri e t ai., 1970).
Incorporation  of rad ioactiv ity  into different fractions in the medium 
o f tissue cultures of fetal ra t adrenals on the 17th and  23rd days of cu ltiva­
tion  in the absence of ACTH is presented in Table 4. There was a significant 
decrease in the  conversion of progesterone-4-14C into corticosterone-14C 
and  18-0 H D()C14C (fraction 2) on day  23 com pared with the control values 
of the sam e cultures on day 17.
Incorporation  of rad ioactiv ity  into different fractions in the  medium 
of tissue cultures trea ted  with ACTH is presented in Table 5. The d istrib u ­
tion  of progesterone-4-]4C m etabolites by  the  17th day are the  control values 
and  ACTH values show the d istribu tion  of m etabolites a fte r 6 days of 
ACTH stim ulation  a t day  23 in the  same cultures. There was a very signif-
TABJ.K 5
Vrogesterone-4-C14 metabolism in  tissue cultures of foetal rat adrenals in the presence 
of AC TH , double analysed on the 17th and 23rd days of cultivation. Control value 
on day 17 in the absence of ACTH  and AC TH  value from the same cultures on 
day 23 after six days’ stimulation with ACTH
Fraction n Mean cpm S.E. V
P2
Control 5 (>•584 ±1007
ACTH 5 14-224 ±  834 0-001
P3
Control 5 12-080 ±2091
ACTH 5 14-596 ±3280 NS
P4
Control 5 14-522 ±1595
ACTH 5 10-996 ±2403 NS
P5
Control 5 9-752 ±  992
ACTH 5 i6-o:i2 ±3872 NS
PC
Control 5 13-068 ±3940
ACTH 5 15-644 ±2888 NS
Total count 
Control 5 60-690* ±3141
ACTH 5 75-080 ±3976 0-05
* 0-25 yC\ of progesterone-4-llC and heat inactivated serum.
P2 =  corticosterone 18-OH-DOC; P3 =  11/Thydroxyprogesterone one unknown 
metabolite; P4 =  DOC 20 a-hydroxyprogesterone; P5 - one unknown, unspecific 
metabolite; P6 — progesterone.
69
ican t increase in the  capacity  of conversion o f progesterone-4-14C into cor­
ticosterone-14C and 18-OH-DOC-14C (fraction 2).
I t  has been shown in the  present s tudy  th a t during ACTH induced 
differentiation of cortical cells and  m itochondria w ith sim ultaneous increase 
in the capacity  of m irochondrial 11/5- and  18-hvdroxylation there appeared 
a significant num erical increase of m itochondrial profiles. This indicates 
th a t  during ACTH induced increase of functional capacity  of cortical cells 
now m itochondria have been formed. Several hypotheses have been put 
forw ard on the  form ation of m itochondria (see the  review of Schatz, 1970): 
(1) m itochondrial form ation from  o ther cytoplasm ic organelles, (2) de 
novo form ation, (3) form ation by grow th and  division. The present findings 
on th e  m itochondria in cortical cells during growth and  division furnish 
no inform ation as to  how th ey  are form ed and how the num erical increase 
in m itochondrial profiles comes about. I t  is, however, evident th a t  cortical 
cells a fte r ACTH stim ulation  contain approxim ately  4 times more separate 
m itochondrial DNA molecules th an  un trea ted  cortical cells if we assume 
th a t  all m itochondria in undifferentiated  cortical cells contain only one 
DNA molecule per m itochondrium . However, it seems to  be ev ident th a t 
all the  m itochondria are no t monomeric w ith reference to  the  num ber of 
DNA molecules they  contain. Some m itochondria m ay contain num erous 
DNA molecules. The present observation gives no answer to  the  question 
w hether this ACTH induced increase in the num ber of m itochondria is 
caused by division of m itochondria w ith m ultim eric DNA into monomeric 
form or replication of m itochondrial DNA and division of m itochondria 
a f te r  synthesis of new m itochondrial DNA.
As presented here, ACTH induced significant increase in two m itochondrial 
steroidogenic enzymes, 11/5- and  18-hydroxylases which is in good agree­
m ent w ith the  u ltras tru c tu ra l transform ation  of the  m itochondrial inner 
m em branes. This confirms the  results of our earlier work (K ahri e t ah, 
1970) which has been done using slightly  different cultivation and  substra te  
incubation techniques. In  our earlier work there was no replenishm ent of 
m edia during cu ltivation and, therefore, there was no mitosis in the  cortical 
cells a fte r two weeks of cultivation. In  the present system  cortical cells 
are continuously diving even during ACTH trea tm en t. However, ACTH 
induced sim ilarly in  bo th  system s the  d ifferentiation of m itochondria and  an 
increase in the  num ber of m itochondrial profiles in cortical cells. So it 
seems to  be evident th a t  m itochondrial growth and  division is no t linked 
to  the  cycle of cell division and synthesis of nuclear DNA. In the system  
which we used earlier there were also differences in substra te  incubation. 
As presented in Fig. 12 (published earlier, see K ahri e t ah, 1970), there is 
an  approxim ately  100 per cent increase in the  conversion of progesterone-4-14C 
(0-25 y Ci of substra te  incubated  for 6 days in the presence and  absence of 
ACTH) in ACTH trea ted  cultures com pared w ith the controls. I t  is very 
in teresting th a t  differentiation of m itochondria occurred a fte r three days 
stim ulation  preceding the  significant elevation in the capacity  of 11/5- and 
18-hydroxylation in cortical cells. We have done some prelim inary observa­
tions on the  effects of ACTH on the m itochondria of cortical cells of hum an 
fetal adrenals in tissue culture and  found th a t a fte r th ree days’ stim ulation 
w ith ACTH there appeared num erous DNA fibres in the  m itochondria of 
the  stim ulated  cells (unpublished results). This will support the  hypothesis
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Fig. 12. Schem atic  rep re sen ta tio n  o f A C T H  induced u lt ra s tru c tu ra l d iffe ren tia tio n  of 
co rtica l cells in  tissue cu ltu re  o f foe ta l r a t  ad renals. N o te  th e  A CTH  induced  sign ifican t 
increase in  th e  conversion o f p rogesterone-4-14C in to  corticosterone  and  18-OH-DOC 
and  tran sfo rm a tio n  o f  m ito ch o n d ria  in to  zona fasc icu la ta  ty p e  (K a h ri e t  al., 1970)
th a t  m itochondrial DNA synthesis is probably  stim ulated  earlier th an  the  
division of m itochondria occur, and  the synthesis of m itochondrial DNA 
takes place a t a very early stage of m itochondrial life cycle.
Num erical increase of m itochondria a fte r ACTH trea tm en t (if we assum e 
th a t it indicates replication of m itochondrial DNA) indicates protein 
synthesis of cortical cell m itochondria, which is different from  the  synthesis 
o f  s tru c tu ra l proteins (cristae) in the  m itochondria. ACTH induced develop­
m ent of m itochondrial cristae in cortical cells have been found to  be depend­
en t on the m itochondrial p rotein  synthesis (Kahri, 1970) (chloramphenicol 
sensitive). In  fu rther studies it  has been shown th a t  11 ß -hydroxylase 
(K ahri and  Milner, 1969; K ah ri et ah. 1971) and  18-hydroxylase (K ahri et 
ah, 1971) are dependent on the m itochondrial p ro tein  synthesis (chlor­
am phenicol sensitive). S tim ulation of the synthesis of s tru c tu ra l proteins 
(cristae) (K ahri, 1971) and  dependence of synthesis of 11/1- and 18-hvdroxyl- 
ases on the m itochondrial protein synthesis (K ahri et ah, 1971) are dependent 
on nuclear DNA directed  p ro te in  synthesis and  cannot be stim ulated  
with ACTH directly  (K ahri, 1971, K ahri et ah, 1971). S tim ulation of 
m itochondrial DNA directed protein  synthesis is m ediated through cytoplas­
mic ribosom al protein  synthesis and can be inhibited  w ith cycloheximide 
(K ahri, 1971; K ahri et ah, 1971). I t  has not been clarified as yet how the  
synthesis of m itochondrial DNA an d  the  division of m itochondria is reg u la t­
ed  and  linked w ith the nuclear DNA directed pro tein  synthesis.
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FIN K  STRU CTU RE AND HORMONAL ACTIVITY OF INTACT 
AND C U LTU RED  EM BRYONIC A D R EN A L CELLS OF D IF F E R E N T
SPEC IES
by
A. Gy é v a i , В. B u k u l y a , K . Mih á l y , К . S zalay  and  E . Sta rk
INSTITUTE OF EXPERIMENTAL MEDICINE, BUDAPEST, HUNGARY
U ntil quite recently, d a ta  pointing to  an  ACTH producing capacity  of the  
hum an foetal p itu ita ry  and  of the  corticosteroidproducing ab ility  of the 
foetal adrenal were rem arkably  scarce, and  rested  on indirect evidence.
I t  became necessary, therefore, to  try  to  answer the following questions: 
Can the  em bryonic p itu ita ry  produce ACTH and the adrenals produce 
corticosteroids? Does the adrenal respond to  ACTH? A ra tiona l approach 
to  these problem s seemed to  be the  com bined cultivation of p itu ita ry  
and  adrenal tissue.
Our earlier investigations on about 100 cultures showed th a t  a t the  
beginning of the  second trim ester of gestation the  hum an foetal p itu ita ry  
secreted ACTH and  the  adrenal produced glucocorticoids characteristic 
of the  adu lt (S tark et al., 1965«).
The ab ility  of the  foetal adrenal to  produce corticoids in tissue culture has 
been corroborated by  Bloch et al. (1965). Our finding th a t the  cultured 
p itu ita ry  is capable o f secreting ACTH (Stark et al., 19656) was su b stan tia ted  
by Fleischer and  Rawls (1970) using radio-im m unoassay.
Subsequent experim ents revealed th a t when the  two organs were cultured  
together the  corticosteroid conten t in the medium considerably decreased, 
or was nil, a t various points of tim e, m ostly a fte r 8 to  12 days. F u rther 
experim ents showed th a t coritcosteroid production declined because the 
ACTH production had  ceased. The adrenal fragm ents re ta ined  their corticoid 
producing ability , since in response to  exogenous ACTH corticosteroid 
production was restored. I t  was strik ing th a t  production increased not 24, 
bu t only 72 h a fte r addition of ACTH. This we in terp re ted  as a  sign of the 
cells losing their norm al fine s tru c tu re  during cultivation, the recovery of 
which is a precondition of corticoidogenesis.
This in terp re ta tion  obviously dem anded a careful investigation of the 
relationship between the fine s tructu re  and the  steroid biosynthetic ac tiv ity  
of foetal adrenocortical cells.
K ahri (1966) showed th a t cultured cells grown for 16 days in the  absence 
of ACTH lose their norm al fine structure , which is gradually  recovered 
when ACTH is added to  the  medium daily for 6 days; further, th a t  the  ra te  
of corticosteroid production increases parallel w ith the ra te  of recovery.
H U M A N  E X P E R IM E N T S
The present experim ents were perform ed to  exam ine the  relationship 
between fine s tructu re  and horm onal ac tiv ity  of the adrenocortical cells.
7 k
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The experim ental procedure was as follows: Adrenals were cut into 
fragm ents. The fragm ents obtained from one of the  adrenals in each foetus 
were placed into a 250 ml Falcon flask, and those from  the  contra latera l 
adrenals into another one, on top  of coagulated fowl p lasm a and  em bryonic 
juice. The culture medium  consisted of an 8 : 2  m ixture of TC 199 and 
hum an serum. The fragm ents in one set of the  flasks were used for control 
purposes and  were cultured w ithout adding ACTH to  the  medium. The 
o ther group were grown in a medium  to which 100 mU per ml ACTH had  
been added a t various intervals. The am ount of corticosteroids in the 
m edium  was determ ined by fluorom etry. ACTH was added to  the medium 
in some instances daily, in others every second or th ird  day, since i t  had 
been observed earlier th a t  the cultures continued to  produce corticosteroids 
for long periods of time
T able 1 presents a typ ical experim ent (F100) showing the  am ounts of 
corticosteroids produced a t different tim es of growth by control adrenals and 
by adrenals trea ted  w ith ACTH.
TABLE 1








4 no m e d iu m  ch an g e
5 no m ed iu m  ch an g e
Ö 0-4 20-1
7 no m e d iu m  ch an g e
8 0-4 24-7
9 no m e d iu m  ch an g e
10 1-2 13-2
1 1 no m e d iu m  ch an g e
12
13 0-8
no m e d iu m  ch an g e
10-2
14 no m e d iu m  ch an g e
15 no m e d iu m  ch an g e
1(5 no m e d iu m  ch an g e
17 0-6 5-5
IS no m e d iu m  ch an g e
19 no m e d iu m  ch an g e
20 0-6 5-8
Table 2 (F101, F102) shows the  corticosteroid product ion by cultures process­
ed for electron-m icroscopic exam inations. R espectively on the  6th and 
7th days of grow th these cultures were fixed, inside the flasks, in glutaral- 
dehvde, em bedded in Epon and counterstained w ith uranyl acetate. To the
Figs la ,  h. E le c tro n  m icro g rap h s of h u m a n  fo e ta l ad ren a ls  in  th e  second tr im es te r 
o f gesta tion . X  8,340 an d  X  34,000, respectively
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F igs 2a, b, c, d. E lec tro n  m icrog raphs o f  hum an  foe ta l ad rena ls  cu ltu red  for 6 o r 7 
d ay s  w ith o u t ACTH . F o r d e ta ils  see te x t. X 14,800; x  23,700; X 12,500; X 9,000,
respective ly
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F igs За, b, c, d. E lec tro n  m icrographs o f hu m an  foeta l ad renals cu ltu red  for 6 or 7 




C orticoid  prod u c tio n  by cu ltures processed fo r  electron- 
m icroscopic exa m in a tio n s  on  the 6th a n d  7th d a y  o f grow th*
Days after 
explantation
Control ACTH treated 
corticoids, p.g/24 h
2 4-1 2-8
3 no medium change
4 no medium change
5 1-0 9-6




3 no medium change
4 no medium change
5 1-0 13-0
() 1-5 14-9
* All cultures processed for electron microscopy were fixed inside the Falcon flasks in 2-5 
per cent glutaraldehyde and 1 per cent OsO j. embedded in Durcapan ACM and exam ined in 
a J  KM 6AS electron microscope.
6- day cultures ACTH was last added 24 h before fixation, and  to  the
7- dav  cultures 48 h before fixation.
The fine s tru c tu re  of th e  sta rtin g  m aterial (О-tim e m aterial) agreed with 
the p icture described by Johannisson (1968) for the hum an foetal adrenal of 
com parable age (Fig. la). The cells were characterized by  spherical nuclei, 
very  dense chrom atin near the  nuclear m em brane, and  prom inent, sm ooth­
surfaced endoplasm ic reticulum  (Fig. 16). The m itochondria were spherical 
and  tubulovesicular. In  and  near the large Golgi complex osmiophilic 
granules were seen. A few microvilli were seen covered by the cell m embrane.
The fine stru c tu re  of the  adrenal cultured for 6 or 7 days w ithout ACTH 
differed from  th a t of the  О-tim e m aterial. Less nuclear chrom atin was 
seen, which was evenly d istribu ted  (Fig. 2a). The m itochondria were 
elongated and  m ostly cristate (Fig. 26). Most of the rough-surfaced endo­
plasm ic reticulum  was vesicular, the rest, tubu lar. Sm ooth-surfaced re ti­
culum  was seen only sporadically and  was found to  be the  vesicular type. 
Groups of electron-dense lipid droplets could be observed (Fig. 2c). 
Desmosomes were present between the  cells (Fig. 2d). The cell m em branes 
covered b u t a few microvilli.
There seem to be few characteristic m arks which distinguish the fine 
stru c tu re  of the  adrenals trea ted  w ith  ACTH 48 h before fixation on the 
7th day  from the  fine stru c tu re  of the  control. The most strik ing feature, 
however, is an  increase in the  num ber of microvilli in the ACTH trea ted  
cells (Fig. 3a). Besides, there is a slight decrease in the num ber of m itochond­
ria, although their shape and  s tructu re  are the  same as in the  controls, 
except for an  occasional reduction in electron density  (Fig. 36). The endoplas­
mic reticulum  is in some areas rough-surfaced and  vesicular or, a t places,
8П
lamellar, while in o ther areas it is sm ooth-surfaced and vesicular. Lipids 
are fewer and  less dense.
I t  is less difficult to  find differences in fine s tructu re  between cells trea ted  
with ACTH 24 h before processing and un trea ted  control m aterial. More 
m itochondria are seen, b u t in shape and s tructu re  they  agree w ith those 
in the controls (Fig. 3c). The endoplasm ic reticulum  is rough-surfaced or 
smooth-sui faced, and  m ostly vesicular. In  some areas the endoplasm ic re ticu ­
lum  is lam ellar (Fig. 3d). L ipid droplets are sparse. M embrane-covered 
microvilli are num erous.
W hat Iras been said  so far perm its the conclusion th a t  the  fine s tructu re  
of the hum an foetal adrenal grown in  vitro differs from  th a t  seen in the 
О-tim e m aterial. In  the  adrenal cells cultured in ACTH-free medium  dedif­
fe ren tiated  m itochondria and endoplasmic reticulum  appear as early as 
on the 6th  or 7th day of growth. A nd w hat is rem arkable, we observed 
an essentially sim ilar fine s tru c tu re  in the cells of adrenal cultures trea ted  
w ith ACTH which produced corticoids in large am ounts.
HAT E X P E R IM E N T S
A drenals derived from  17- to  21-day-old ra t  em bryos were cultured, funda­
m entally  by  K ah ri’s m ethod. The fragm ented  adrenals were placed into 
Falcon flasks on top  of coagulated fowl plasm a and  em bryonic juice. 
The culture m edium  was a m ixture of Melnick’s solution and  calf serum. 
A fter explan tation , air containing 5 per cent C 0 2 was forced into th e  flasks, 
which were then  sealed off.
In  these experim ents we used the  same setup  as in the  case of hum an 
foetal adrenals. In  each of 17 Falcon flasks the  40 adrenals of 20 em bryos 
were cu ltu red ; ACTH was added  to  the  medium  of 6 cultures, while 
th e  rest were cultured  w ithout ACTH. The medium  was not changed 
during  cultivation . C ultures were processed on th e  4th, 8 th  and  14th 
days of culturing.
TABLE 3







4 1 4-4 ia 31-5
2 5-2 2 a 23-7
3 3-5 3a 12-6
s 4 2-5 4 a 9-9
5 4-4 42-5
() 4-4 (ia 47-0
In  Table 3 the corticosterone production in the cultures is shown. There 
is a striking difference in the corticosterone am ount between th e  control 
and  the  ACTH trea ted  cultures.
6 81
Fig. 4. E lec tro n  m icrog raph  o f a  21 -day-old em bryonic  ra t ad ren a l X 35,300
The fine stru c tu re  of the  adrenals from  17- to  21 -day-old ra t em bryos 
was described by  Idelm an (1966) and also in an earlier work of our own. The 
cells were found to  be characterized by  agranular endoplasm ic reticulum  
and  vesicular m itochondria (Fig. 4).
The adrenals grown for 4, 8, and 14 days w ithout ACTH did not show 
any  im p o rtan t differences in fine structure . They differed, however, from 
the fine stru c tu re  seen in the 0-tim e m aterial in th a t  the  m itochondria
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F ig . 5. E lec tro n  m icrog raph  o f an  em bryon ic  ra t  ad ren a l cu ltu red  
for 4 d ay s  w ith o u t ACTH . X 2,700
becam e cristo tubular, the  endoplasm ic reticulum  tu rned  rough-surfaced and 
lam ellar, and  more microvilli appeared (Fig. 5). The m edium  of ACTH 
trea ted  cultures contained considerable am ounts of corticosterone. Indepen­
den t of the  day  when the  cultures had been processed (4th, 8th, or 14th day), 
the  fine stru c tu re  showed the following common features (Fig. 6): more 
m itochondria and  endoplasm ic reticulum , though these were sim ilar in 
stru c tu re  to  those of cells cu ltivated  w ithout ACTH; i.e. the m itochondria
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Fig. 6 E lec tro n  m icrog raph  o f an  em bryonic  r a t  ad ren a l cu ltu red  
for 4 d ay s  w ith  A CTH . X 2,600
were cristo tubular, and the  endoplasm ic reticulum  was rough-surfaced and 
lam ellar. Few er lysosomes were present and considerably more microvilli 
were seen th an  in the  controls.
How is one to  com m ent on these findings?
The fine s tru c tu re  of the  hum an foetal adrenal a t the  tim e of ex p lan ta­
tion  was characterized by  the  presence of vesicular m itochondria, sm ooth­
surfaced reticulum , and a few microvilli. Thus it agreed w ith the fine struc-
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tű re  of the  cells of the  zona fascieulata. In the cells grown for 6 or 7 days in 
ACTH-free medium, the  m itochondria were cristo tubular and  the endoplas­
mic reticulum  rough-surfaced, i.e. resem bled some earlier stage. These 
cells produced corticosteroids in barely measurable am ounts. The fine 
structu re  of the adrenal fragm ents grown for the same num ber of days 
in ACTH containing medium, differed little  from th a t of the controls, and  
yet produced corticosteroids in substan tia l am ounts.
As s ta ted  before, when ACTH was added to  cultures th a t  had  ceased 
to  produce corticosteroids, hormone production s ta rted  again on the  3rd day  
and significant am ounts could be m easured. The assum ption th a t the 
adrenal cells regain their responsiveness when the  organelles regain their 
norm al structure , i.e. when they  are transform ed into zona-fasciculata-type 
cells was not supported  by our findings. In  a work using the m ethod of 
K ah ri (1966), Milner and  Villee (1970) likewise found th a t foetal adrenals 
th a t  had been cultured in ACTH-free medium produced corticosteroids 
as late as on the 3rd day a fte r ACTH had been added to  the medium. 
R ecently  Milner (1971) has reported  th a t em bryonic ra t  adrenal cells 
cultured for 16 days do not respond to  ACTH within the first 60 min whereas 
cells p re trea ted  w ith ACTH do. However, the  réponse to  ACTH was p rac ti­
cally the  same in the  tw o cultures on the  3rd day a fte r a single exposure to  
ACTH. M ilner does no t m ention w hat the fine s tructu re  was like a t the 
tim e of the response to  ACTH . But K ahri observed complete regeneration 
o f the fine s tru c tu re  of dedifferentiated adrenal cells a fte r trea tm en t w ith 
ACTH daily for six consecutive days. From this, one is forced to  assum e 
th a t  in Milner's work, the response given on the  3rd day  to  a single dose 
of ACTH added to  the adrenal cells previously cultured  in an  ACTH-free 
medium  came about when the fine s tructu re  was dedifferentiated. In  th e  
light of our own findings and  of d a ta  in the  lite ra tu re  we have form ed th e  
opinion th a t  in tissue culture the  hum an foetal adrenal cells are capable 
of responding to  ACTH w ith corticosteroid production a t least for some 
time, irrespective of w hether they  agree w ith or differ from  the cells in th e  
zona fascieulata in th e ir fine structure .
We have arrived a t a sim ilar conclusion w ith em bryonic ra t  adrenal cul­
tures. Cells which a t exp lan ta tion  had  a characteristically  zona fascieulata 
fine s tru c tu re  showed signs of dedifferentiation as early as the  fourth  day 
of grow th irrespective of w hether or not the  m edium  contained ACTH. 
The fact th a t  fragm ents cultured in the  presence of ACTH produce m any 
tim es as m uch corticosterone as the sam e am ount of control fragm ents 
can only be in terp re ted  to indicate th a t the  corticoidogenic action of 
ACTH is independent of its fine s tructu re  m aintaining effect.
The results obtained in the  present experim ents would by  no means 
justify  the conclusion th a t the adrenals respond unconditionally w ith  corti­
costeroid production in the absence of a norm al fine s tru c tu re  characteristic 
of the  zona fascieulata. We can only refer to  the  established fact th a t  
ACTH is capable of m aintaining the  corticoidogenic activ ity  of the cultured 
adrenal cells w ithout preserving their norm al fine structure .
In  th e  experim ents described so far the cells which possessed a norm al 
fine s tiu c tu re  a t the  tim e of exp lan ta tion  lost it  during cultivation  and  
yet th ey  responded to  ACTH w ith corticosteroid production.
The po ten tia lity  to  produce corticosteroids as well as responsiveness to
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F ig . 7. E lec tro n  m icrog raph  o f a  2 cm  (crow n-rum p leng th ) c a t ad ren a l. X 17,500
ACTH preceding the  developm ent of the  fine stru c tu re  in the  zona fasci- 
cu la ta  was shown by S tark  et al. (in press). Adrenals of ca t em bryos m easur­
ing 2 to  13 cm were removed, one of them  was prepared  for m orphological 
exam ination and  th e  o ther one incubated  w ith or w ithout ACTH by the 
m ethod of Saffran and  Schally (1955). The em bryonic cat adrenals are 
capable of producing corticosteroid very early during their developm ent 
(Table 4). F igure 7 shows th e  fine stru c tu re  of the  adrenal from  a 2 cm cal
TABLE 4
E ffe c t of A C T H  on  the corticoid jrroduction of em bryo­
n a l cat adrenal in  vitro  ( corticoids, fig  per 100 m g)
Crown-rump length 
cm Control
100 mU ACTH per 
100 mg adrenal
1-7 no data 4-8*
2-0 74-4 211-2*
3-5 no data 12-6
(5-0 3-1 8-8







Fig. 8. E lec tro n  m icrograph  o f a  (i cm  c a t ad rena l. X 13,200
em bryo and  Fig. 8 from  a 6 cm ca t em bryo. I t  was found th a t  the cells 
produced corticosteroids and responded to  ACTH before the  fine s tructu re  
characteristic of the zona fasciculata had developed.
As a sum m ary, cultured em bryonic adrenals possessing fully developed 
fine stru c tu re  re ta in  for some tim e their ab ility  to  produce corticosteroids 
even when th a t  s tru c tu re—above all in  the m itochondria and  the  endoplas­
mic reticulum  —shows signs of re tu rn ing  to  earlier stages. The ab ility  of the  
em bryonic adrenals to  respond to  ACTH precedes during ontogenesis the 
definite fine stru c tu re  characteristic of the zona fasciculata.
In  tissue culture the  m etabolic processes needed for specific cellular 
ac tiv ity  run  t heir courses irrespectively of whether or not the  fine structu re , 
on which these processes are generally believed to  depend, corresponds 
to  the  p icture characterizing the  norm al cells.
ACTH is known to be the specific stim ulus of adrenal ac tiv ity  and the 
factor m ainly responsible for th e  m aintenance of structure . I t  would be, 
however, an  unw arran ted  sim plification to  suppose th a t  the  presence or 
absence of fine stru c tu re  of the  adrenal depends exclusively on ACTH.
The tissue culture m ethod m ay be a useful m eans of detecting other 
factors which in cooperation w ith ACTH, would be responsible for the 
m aintenance of the  fine structure .
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T H E  F IN E  STRU CTU RE OF EM BRYONIC RAT ADRENA LS 
CULTU RED  I N  V I V O
by
B. B tjkttlya, I .  Ö k r ö s , and  E . S t a r k  
INSTITUTE OF EXPERIMENTAL MEDICINE, BUDAPEST, HUNGARY
The fine stru c tu re  o f adrenocortical cells in adu lt ra ts  is well known (Yamori 
e t al., 1961; N ishikava et al., 1968; Y oshim ura et al., 1968; Szabó et al., 
1970). We have some knowledge of its changes following various experi­
m ental in terventions, such as hypophysectom y (Lever, 1956; Sabatini 
and De R obertis, 1962; Volk and  Scarpelli, 1966; Szabó et ah, 1967; Y oshi­
m ura e t ah, 1968; N ussdorfer and  Mazzochi, 1970), ACTH trea tm en t (Lever, 
1956; Aschworth et ah, 1959; Yamori et ah, 1961; Szabó et ah. 1967, 1970; 
Yoshim ura et ah, 1968; N ussdorfer and  Mazzochi, 1970), exposure to  various 
kinds of stress (Yamori e t ah, 1961; H arum iya, 1966; Y oshim ura e t ah, 
1968; Seki and  Sekiyam a,, 1969; Szabó et ah, 1970) and  pharm acological 
procedures (Schwarz and  Suchowsky, 1963; Volk and  Scarpelli, 1964; 
Y oshim ura et ah, 1968; Dzsinich et ai., 1969; H orváth  e t ah, 1969; Seelig 
and Renneis, 1969; Nussdorfer and Mazzochi, 1970). Few  studies have, 
however, been devoted to  the  developm ent of the  fine s tru c tu re  in  th e  m am ­
m alian and  hum an foetal adrenal cortex. System atic investigations have 
been carried out by  Idelm an (1966) and  ourselves (B ukulya e t ah, 1967) 
in ra t  em bryo adrenals, and  by Johannisson (1968) in hum an foetal adre­
nals.
I t  has been established th a t on the  17th. day of gestation the  ra t  cortical 
cells contain  all the  fine stru c tu ra l elem ents seen in the  ad u lt anim al.
The present report is m eant to  give an account of the  effect which ACTH 
exerts on the developm ent of the fine s tru c tu re  under different experim ental 
conditions.
A few pictures will be subm itted  in  the  following dem onstrating, on the  
basis of earlier work from  our laboratory , the developm ent of the  fine s tru c ­
tu re  in the  ra t  em bryo adrenal cells producing glvcocorticoids.
The developm ental changes in  the em bryo are best followed in th e  m ito ­
chondria and  endoplasm ic reticulum . O ther organelles will no t be consid­
ered, unless they  reveal fundam ental discrepancies. The adrenals were 
fixed w ith  g lu taraldehyde and  osmium tetrox ide in 0-1 м sodium cacodylate 
buffer. Because this buffer elicited m yelinization and shrinkage, an 0-05 м 
buffer was used for adrenals younger th an  17 days. U ltra th in  sections were 
countersta ined  w ith  u ran y l acetate  and lead citrate .
F igure 1 shews th a t, m cst interestingly, up  to  the  13th day  of gestation 
th e  cortical and  m edullary cells are conspicuous for their m ixed presence 
in  the  anlage of the  adrenal and  for their g reat likeness in fine structu re . 
The m itochondria are cristate  and  the  endoplasm ic reticulum  is granulo- 
lam ellar. The only difference is th a t  the  cortical cells contain slightly more
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osmiophilic (lipid) droplets and  th a t a few dense-core granules occur in the 
m edullary cells.
On the  15th day  of gestation  (Fig. 2) the  m itochondria are enlarged, 
become spherical, and a few tubules and  vesicles appear in them . Most 
of the  endoplasm ic reticulum  is still lam ellar and granular bu t, a t places, 
protrusions and  vesicle-like processes are visible. A t and  near the  protrusions 
few ribosomes are present on th e  ou ter surface of th e  lam ellae. No ribosomes 
can be observed either on the  vesicle-like processes or on the  vesicles th em ­
selves. In  our view, th is m orphology provides evidence of incipient tran s­
form ation of the  cristate  into tubulovesieular m itochondria and  of the 
granulolam ellar endoplasm ic reticulum  into an agranular vesicular one.
On day  17 (Fig. 3), m ainly the m itochondria and  the  endoplasm ic re ti­
culum can be observed to  undergo vesicular transform ation . On day 18, 
the fine stru c tu re  (Fig. 4) resembles th a t in the  adrenocortical cells of the 
m ature ra t.
During the  perinatal period (Fig. 5) the  m itochondria, th e  endoplasm ic 
reticulum  and the  o ther organelles grow richer in structu re , b u t do not alter 
in character, i.e. they  increase in am ount and  size. The m atrix  of the  m ito ­
chondria shows higher density , the  vesicles increase in num ber, the  Golgi 
appara tus expands and  displays several lamellae, more vesicles are seen 
in its area, more lysosomes are observed and  the  lipid droplets tu rn  pale.
I t  rem ained to  investigate th e  non-genetic factors th a t  m ay be involved 
in the  developm ent of the  stru c tu re  of the  ra t  adrenocortical cells; fu rther, 
the  tim e when during ontogenesis such factors become active. The obvious 
th ing to  do was to  fall back on ACTH as a non-genetic factor.
F irs t the  m ethod of i n  vivo  cu ltivation  in the  an terio r cham ber of the 
eye was adop ted  because we though t this technically undem anding m ethod 
the m ost suitable for the  cultivation  of isolated organs, and  also because 
it  seemed reasonable to  assum e th a t  ACTH would reach the  adrenals tra n s ­
p lan ted  into the  an terio r eyecham ber.
T ransp lan ta tion  was carried ou t by  the  usual technique. In  the  figures 
below tran sp lan ts  will be shown in which vascularization could no t be seen 
even under the  light microscope. Successful hypophysectom y was checked 
by light microscopy.
I t  is common know le Ige th a t in the  adrenalectom ized, dexam ethasone- 
tre a ted  and  hypophysectom ized anim als ACTH secretion increases, de­
creases, and ceases, respectively.
Fig. 1. P o rtio n  o f a n  ad renoco rtiea i cell o f a  13-day-old n o rm al r a t  em bryo . T he m ito ­
cho n d ria  are  c ris ta te  (cm) and  th e  endoplasm ic re ticu lu m  is g ranu lo lam ella r (ger). 1,
lip id  d ro p le t. X 34,800
Fig. 2. P o rtio n  o f an  ad renoco rtica l cell o f a  15-day-old no rm al r a t  em bryo . T he m ito ­
cho n d ria  a re  en larged , and  spherical, and  a  few tu b u le s  and  vesicles a re  in  th e m  (tvm ). 
M ost o f th e  endoplasm ic re ticu lu m  is still lam ellar and  g ra n u la r  (ger) b u t, a t  p laces, 
p ro tru s io n s  and  vesicle-like processes (vlp) a re  visible. X 34,800
Fig . 3. P o rtio n  o f a n  ad ren o co rtica l cell o f a  17-day-old no rm al r a t  em bryo . M ainly 
th e  m ito ch o n d ria  (tvm , vm ) and  th e  endoplasm ic re ticu lu m  (arrow ) can  be observed
to  undergo  vesicu lar tran sfo rm a tio n . X 34,800
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F ig . 4. P o rtio n  o f an  ad ren o co rtica l cell o f an  18-day-old n o rm a l r a t  em bryo . T he fine 
s tru c tu re  resem bles th e  ad renoco rtica l cells o f th e  m a tu re  r a t ;  ager, a g ran u la r en d o ­
plasm ic re ticu lu m . X 34,800
Fig . 5. P o rtio n  of an  ad ren o co rtica l cell o f a  21-day-old  n o rm al r a t  em bryo . T he m ito  
chond ria  (vm ), th e  ag ra n u la r  endop lasm ic  re ticu lu m  (ager), a n d  o th e r o rganelles are  
rich  in  s tru c tu re , b u t d id  n o t a lte r  in  ch a rac te r. The m a tr ix  (arrow ) o f th e  m ito ch o n d ria  
show s h ig h er d ensity , vesicles increase in nu m b er. X 34,800
<11
Therefore, adrenals derived from ra t  em bryos of different ages were tra n s ­
p lan ted  into the  an terio r eyecham ber of host animals.
Our s ta rting  po in t was th a t if we tran sp lan ted  the adrenal of a 13-day-old 
em bryo into the  an terio r eyecham ber of a ra t a t a tim e when the  m ito ­
chondria and  the  endoplasm ic reticulum  were no t yet transfo rm ed—and 
cultured  it in th e  cham ber, we m ight experience considerable transform ation  
w ithin days. To our surprise, no transfo rm ation  w hatsoever could be ob­
served even a fte r cultivation for 21 days (Fig. 6). Therefore, it m ay be as­
sum ed th a t the  ACTH of the  host anim al docs no t reach the  tran sp lan ted  
adrenal cells, or is ineffective. W hat seems more probable is th a t tra n s ­
form ation of the  adrenocortical cells is no t A CTH-dependent.
For this reason we cultured, for various periods, adrenals derived from 
15-day-old em bryos; a t th is age transform ation  has already begun. In  the 
1-day-old cu lture (Fig. 7), we observed th a t the endoplasm ic reticulum , the 
m itochondria, and  o ther organelles —practically  the  whole cellular fine 
s tru c tu re —was alm ost the  sam e as th a t in the adrenocortical cells of the 
norm ally developing 21-day-old em bryo.
In  the  4-day an d  6-day cultures (lig s  8, 9) the  fine s tructu re  is similar 
to  th a t in the adult adrenal th a t  shows hyperfunction a fte r trea tm en t with 
form alin or ACTH.
The m orphological appearence of the  fine s tructu re  pointing to  h yper­
function is even more pronounced a fte r cu ltivation  in adrenalectom ized 
host anim als (Fig. 10). In  such cases, particu larly  a fte r cultivation for 5 
days, ‘m alform ed’ m itochondria appear, such as can be observed a f te r  long­
term  trea tm en t w ith large doses of ACTH in the  ad u lt anim al.
W hen host anim als are tre a ted  w ith  dexam ethasone or hydrocortisone 
daily for six days, then  the  fine s tru c tu re  in the adrenal of th e  15-day-old 
ra t em bryo is sim ilar to  th a t  in the  u n trea tsd  host anim als (Fig. 11), though 
the  m itochondria are smaller, and  the  m atrix  is more electron dense, and  
their s tructu re  tu rns vesicular. The sm ooth-surfaced endoplasm ic re ti­
culum is vesicular, lipids are scarce, and  the  Golgi appara tus consists of 
only a few lamellae. The nuclear surface is uneven and the  nucleus is electron 
dense. H ard ly  any  m icrovilli are present.
Even these few experim ents suffice to  evidence th a t the  way ACTH se­
cretion is influenced in the  host anim al will be invariab ly  reflected by the 
fine s tru c tu re  of th e  tran sp lan ted  em bryonic adrenal.
The role of ACTH in th e  form ation of the  adrenocortical ceils is confirmed 
by  the  experim ents of in  vivo culturing in the an terior eyecham ber of hypo- 
physectcm ized host anim als.
F ig . 6. P o rtio n  o f an  ad ren o co rtica l cell o f a  13-day-old n o rm al r a t  em bryo  cu ltu red  
for 21 d ay s in  th e  a n te r io r eyecham ber o f a  no rm al a d u lt r a t .  N o tran sfo rm atio n  
w hatsoever could be observed  even  a f te r  cu ltiv a tio n  for 21 days, cm, c ris ta te  m ito ­
chondria ; ger, g ra n u la r  endoplasm ic re ticu lum . X 50,000
Fig. 7. P o rtio n  o f an  ad ren o co rtica l cell o f a  15-day-old n o rm al r a t  em bryo  cu ltu red  
for 1 d ay  in  th e  an te r io r eyecham ber of a  no rm al a d u lt ra t .  T he ag ran u la r endoplasm ic 
re ticu lu m  (ager), th e  m ito ch o n d ria  (vm ) and o th e r o rganelles -p ra c tic a lly  th e  w hole 
cellu lar fine s tru c tu re  is a lm ost th e  sam e as in th e  ad renoco rtica l cells o f th e  n o r­
m ally  developing 21-day-old  em bryo . X  37,200
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F ig s 8 a n d 9 . P o rtio n  of an  ad renoco rtica l cell o fa  15-day-old no rm al r a t  em bryo  cu ltu red  
for 4 or 6 d ay s in th e  a n te r io r eyecham ber of a  no rm al a d u lt r a t .  T he fine s tru c tu re  
is sim ilar to  th a t  in th e  a d u lt ad ren a l th a t  show s h y p erfu n c tio n  a f te r  tre a tm e n t w ith  
form alin  or ACTH . X 34,800 and  X 12,400. respective ly
9 3
F ig . 10 .P o rtio n  o f an  ad renoco rtica l cell o f a  15-day-old n o rm al r a t  em bryo  cu ltu red  
for 6 d ay s  in  th e  an te r io r eyecham ber o f an  adrenalec tom ized  ad u lt ra t .  I n  such cases 
th ere  arise  ‘m alfo rm ed ’ m ito ch o n d ria  (m vm ). m v, m icrovilli; 1, lipid d rop le t. X 111,700
F ig . 11. P o rtio n  o f an  ad renoco rtica l cell o f a  15-day-old r a t  em bryo  cu ltu red  for 6 
d ay s  in  the a n te r io r eyecham ber of an  a d u lt  r a t  tre a te d  w ith  dexam ethasone for 6 
days. T he fine s tru c tu re  is sim ilar to  th a t  in  th e  u n tre a te d  h o st an im al, th ough  m ito-
94
The fine stru c tu re  of the 1-day culture of the  adrenal derived from a 15- 
day-old em bryo is less adrenal in character (Fig. 12) th an  the original 
m aterial.
The 6-day culture is already dedifferentiated (Fig. 13) to  tlie point where 
its fine stru c tu re  does no longer resem ble the  adrenal cortex.
The fine stru c tu re  of the  adrenal cells of the  15-day-old em bryo tra n s ­
p lan ted  into the an terio r eyecham ber of norm al ra ts  undergoes tran sfo r­
m ation as in situ, m oreover differentiation is accelerated if ACTH secretion 
is increased by  adrenalectom y. There will be no differentiation, however, 
in the  hypophysectom ized anim al, and  only p ro trac ted  differentiation when 
the  anim al is trea ted  w ith  corticosteroids. The present work definitely 
points to  the  im portan t role played by ACTH in the  transform ation  of the 
fine stru c tu re  during ontogenesis.
I t  would be difficult to  conceive ano ther in terp re ta tion  for the  fact 
th a t  interventions, interfering w ith ACTH secretion in the  host animal, 
cause parallel changes in the differentiation of the  fine s tructu re  of the 
t ransp lan ted  adrenal.
Nevertheless, these experim ents do in no way exclude the  role of o ther 
factors in the  differentiation of the  fine structure .
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cho n d ria  (vm ) are  sm aller, th e  m a tr ix  is m ore e lec tro n  dense, and  th e ir  s tru c tu re  is 
vesicular. The endoplasm ic re ticu lu m  (ager) is ag ran u la r and  vesicu lar, m v , m ic ro ­
villi. X 12,800
Fig. 12. P o rtion  o f an  ad ren o co rtica l cell o f a  15-day-old r a t  em bryo  cu ltu red  for 1 
d a y  in th e  an te r io r eyecham ber o f a  hypophysectom ized  a d u lt ra t .  The fine s tru c tu re  
o f th e  ad renoco rtica l cell is less ad ren a l in  c h a rac te r th a n  th e  s ta r tin g  m ateria l; 
tcm . tu b u lo -c ris ta te  m itochond ria . X 34,800
Fig . 13. P o rtio n  of an  ad renoco rtica l cell o f a  15-day-old rat; em bryo  cu ltu red  for 
6 d ay s in th e  an te r io r eyecham ber of a  hypophysectom ized  a d u lt ra t .  I t is a lread y  
ded iffe ren tia ted  to  the p o in t w here its  fine s tru c tu re  no longer resem bles th e  ad ren a l 
cortex , ger, g ran u la r endoplasm ic re ticu lum . Ж 11,300
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ELECTRON-M ICROSCOPIC STUDY OF SPONTANEOUS 
TRANSFORM A TION OF LYM PHOCYTES AND MONOCYTES 
IN  T ISSU E CULTURE
by
I . B l a z s e k , A . G y é v a i  and  A. B a l á z s  
INSTITUTE OP EXPERIMENTAL MEDICINE, BUDAPEST, HUNGARY
The transform ation  capacity  of lym phocytes and  m onocytes was assum ed 
by several authors as early as the beginning of this cen tury  (Woodliff, 
1964). The transform ation  of lym phocytes in to  m acrophages has recently 
been proved by  the  experim ents o f Gough et al. (1965) and  Chapm an e t al. 
(1967), th e  prom onocyte-m onocyte-m acrophage transfo rm ation  by 
those of van  F u rth  e t al. (1970) and  van F u rth  and  Diesselhoff-Den Dulk 
(1970), in short-term  cultures. According to  S u tton  and  others, in the course 
o f cultivation for 6 to  24 h, m onocytes are transform ed into m acro­
phages, la te r into epitheloid cells and  m ultinucleated  g iant cells (Woodliff, 
1964; S u tton  and Weiss, 1966; Sutton, 1967). Gerber and Monroe (1968) 
found m ultinucleated g iant cells and  im m ature lym phoblastoid cells in 
hum an leukocytes cu ltured  for 16 to  160 days. Form ation  of fib rob last­
like cells in leukocyte culture has also been reported  (R appay  e t ah, 1968).
In  our s tudy  we in tended  to  clarify: (i) which types of the  m ononuclear 
leukocytes are resistan t to  the  given cultivation condition, and  (n) which 
new cells types resulting from  spontaneous transform ation, appear in 
addition  to  the  resistan t types in short term  tissue cultures. As to  the  
la tte r, we asked first o f  all w hether the  so-called ‘P H A -b last’ cells known 
in cultures stim ulated  w ith phytohaem agglutin in  or o ther mitogens are 
form ed via spontaneous transform ation.
Leukocytes obtained byspontaneous sedim entation of the blood of healthy  
hum an donors were cultured  in a medium  containing 80 per cent P a rk e r 
199 and  20 per cent hum an serum  of AB group. Cultures were processed 
for light and  electron microscopy, 0, 24, 48, 72 and  120 li a f te r  explantation. 
Slides for light m icroscopy were stained  w ith  Giemsa solution. F or electron 
m icroscopy the  cells were fixed in glutaraldehyde and  osmium tetroxide, 
em bedded in D urcupan  ACM; th e  sections were stained w ith  u ranyl ace­
ta te  and  lead citrate.
Light-m icroscopic investigation revealed th a t in  the  ‘buffy coa t’ cultures 
the  to ta l cell count rapidly  decreased between th e  24th and  72th h and 
dropped to  the  qu arte r of the  original in the  120th h. I t  can be seen in Table 1 
th a t  this results from  the degeneration of th e  neutrophil granulocytes. 
A t the  same tim e the  incidence ra te  of the  lym phocytes and  m acrophage- 
type cells increased.
In  the  original m aterial the  following cell types, no t belonging to  th e  
granulocyte cell line, could be seen in the  electron microscope:
(1) Few large lym phocytes of young character (Fig. 1).
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TABLE 1
C hanges o f the total cell count a n d  the d iffe re n tia l cell count in  the 0, 24, 48 , 72 a n d  120 h h u m a n
leukocyte  cu ltures








0 68-7 20-3 11-0
28-7 8-1 4-6 57-3 1-3 2-2X10«
24 07-5 20-5 12-0
34-1 11-6 (i-4 46-2 1-7 1-8 X 106
48 46-3 31-7 22-0
38-1 26-1 18-1 13-8 3-9 1-1X10°
72 33-5 40-0 2(i-5
30-2 38-0 23-8 4-2 3-8 0-7 X 10°
120 28-4 39-0 32-6
25-4 36-6 300 5-5 2-5 0-5X10°
(2) A g reater num ber o f medium-size lym phocytes, for which relatively 
well-developed nucleoli, m any m itochondria, an  underdeveloped Golgi 
apparatus, occasionally groups of lysosomes, poly- and  first of all free 
ribosomes are characteristic (Fig. 2).
(3) The small lym phocytes prevailed. Several types could be distinguished: 
(a) R ound cells w ith  nuclei rich in heterochrom atin and  cytoplasm  poor 
in organelles. These were sim ilar to  the  sm all lym phocytes found in the  
thym ic cortex, (b) Cells containing a  relatively well-developed nucleolus 
b u t cytoplasm  poor in organelles; sometimes phagosomes and  au to p h a­
gic vacuoles were seen in them , (c) Cells w ith nuclei containing rela­
tively  well-developed nucleoli and  more ab u n d an t cytoplasm  richer in 
organelles. They were generally characterized by the cytosom e and  a num ber 
o f large m itochondria w ith a dense m atrix .
(4) Several lym phocytes characterized by  1 to  4 lamellae of rough su r­
faced endoplasm ic reticulum  surrounding concentrically the  nucleus. 
In  our opinion th e y  are transitional forms between lym phocytes of young 
character and typ ical p lasm a cells.
(5) Monocytes were frequen tly  seen. In  their kidney-shaped nucleus 1 
or more nucleoli, in their cytoplasm  sm all, dense m itochondria, sporadically 
sm all prim ary  lysosomes and  a poorly developed Golgi appara tus were 
observed (Fig. 3).
F ig . 1. P a r t  o f  a  large lym phocy te  from  th e  p e rip h e ra l h u m a n  blood. T he large c y to ­
p lasm  con ta in s w ell-developed Golgi a p p a ra tu s , m a n y  la rge  m ito ch o n d ria , tu b u la r  
s tru c tu re s  and  sh o rt, rough  surfaced  endoplasm ic re ticu lu m  lam ellae. X 37,400
F ig . 2. M edium -size ly m p h o cy te  o b ta ined  from  p e rip h e ra l h u m a n  blood. In  th e  
spherica l nucleus considerab le  nucleolus is p resen t and  sm all, dense m ito ch o n d ria , 
p in o cy to tic  vesicles, few lysosom es and  free ribosom es are  ch a rac te ris tic  for th e  c y to ­




These were the cell types found in  the  original m aterial. Now we describe 
the cells characteristic for each period of cultivation.
In  the  24 and 48 h cultures m any m acrophages and  perishing n eu tro ­
philic granulocytes could be observed. In bo th  of them  phagocytized cell 
debris and  throm bocytes were seen. Lym phocytes containing autophagic 
vacuoles and  phagosomes were also characteristic. The num ber of the la tte r 
decreased in la te r periods of the  cultivation. They assum edly either had 
perished or had been transform ed into m acrophage-type cells (Fig. 4).
Two non-lym phoid cell types were present in 72 and  120 h cultures:
(1) Typical m acrophages w ith num erous phagosomes (Fig. 5).
(2) Cells revealing m acrophage and  m onocyte characters.
The la tte r  could no t be sharp ly  distinguished from each other, and  could 
no t be ranged in either well-defined leukocyte type on the basis of their 
fine structu re . Three varian ts were observed: (a) m acrophage-type cells, 
(b) m acrophage-like cells w ith large, dense lysosomes (Figs 6, 7) and  (c) 
larger cells as com pared with the  former, revealing m onocytic and  ep i­
thelial characteristics and  containing m any sm all lysosomes (Fig. 8). U nder 
the culture circum stances m entioned, accum ulation of lipid droplets in 
the periphery of the cytoplasm  was characteristic for all the  four cell 
types.
As to  the lym phocytes, the  following was observed in 120 h cultures:
(1) Small lym phocytes with nuclei containing m uch heterochrom atin and  
a sm all nucleolus (Fig. 9).
(2) Small lym phocytes called ‘uropodic’ or ‘hand m irro r’ form (Fig. 10).
(3) Medium-size lym phocytes containing large, dense m itochondria and 
cytosom e (Fig. 11).
(4) Cells revealing im m unoblast characteristics, identified by  th e ir re la­
tively young nuclei and narrow  cytoplasm  poor in organelles. These are 
considered as transitional forms tow ards typ ical im m unoblaste (Figs 12, 
13).
In  the  72 h cultures eosinophilic and  basophilic granulocytes still occurred, 
bu t no plasm ocytic lym phocytes and  ‘P H A -b last’ cells were seen.
In  conclusion, m ost sensitive for the cu ltivation  conditions are the  n eu tro ­
philic granulocytes, b u t some types of lym phocytes degenerate soon as
F ig . 3. T h is field d em o n s tra te s  a  ty p ica l p erip h era l m onocyte . I n  th e  k idney -shaped  
nucleus sm all nucleoli, in  th e  cy top lasm  sm all, dense m itochond ria , sm all p r im a ry  
lysosom es and  an  undeveloped Golgi a p p a ra tu s  a re  p resen t. X 9,600
F ig . 4. T h is cell is a  tra n s itio n a l form  betw een  lym phocy te  and  m acrophage from  a  24 h 
cu ltu re . T he ro u n d  nucleus w ith  a  sm all nucleolus is ch a rac te ris tic  o f a  lym phocy te , 
th e  cy top lasm  w ith  th e  p rom inen t phagosom es o f m acrophages X 13,000
Fig . 5. A ty p ica l m acrophage from  th e  24 h cu ltu re . N o te  the  d ifferen t au to- and  
heterophagosom es. X 20,000
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well. I t  is no t inconceivable th a t the more sensitive, sooner d isintegrating 
lym phocytes correspond to  short-life, those alive on the  5 th  day  o f cu lti­
vation, on th e  o ther hand, to  long-life lym phocyte types. F u rth e r experi­
m ents are needed to  decide w hether this suggestion holds true. The cell 
types resistan t to  th e  cu ltivation  conditions, no t subject to  any m orpho­
logical a ltera tion  during cultivation are the sm all and, above all, the 
m edium -size lym phocytes.
The phenom enon of hetero- and  au tophagy  can be considered adap ta tion  
o f the  cells to  the  environm ental factors. Cell debris, like o ther foreign 
substances, ac t as a m acrophage transform ation  inducing factor. Monocytes, 
and  in  our assum ption some lym phocytes, are transform ed into m acrophages 
under the  influence of cell debris. In  add ition  to  macrophages, new cell 
types as m acrophage-like, m onocytoid and  epitheloid cells, transitional 
forms and  in long-term  cultures fibroblast-like cells, m ultinucleated  g iant 
cells or lym phoblastoid cells can be form ed of them .
In  our cultures lym phoblasts arisen from  spontaneous transform ation, 
characteristic for cultures stim ulated  w ith  P H  A or o ther m itogens, could 
not been observed (Forteza-Vila e t ah, 1969; Balázs e t al., 1970). The lym ­
phocytes of younger character found can only be considered transitional 
forms tow ards ‘P H A -b last’ cells and  im m unoblaste (Balázs et al., 1970).
Fig. 6. M acropii age-like cell w ith  large, dense lysosom es and  lip id  d ro p le ts  from  th e  
72 h cu ltu re . C en trio lum  and  Golgi a p p a ra tu s  are  also p resen t, x  12,000
Fig . 7. L ysosom es from  a  m acrophage-like cell. T he g ranu les are  m em brane-lim ited  
and  th e  m a tr ix  has a  finely  g ran u la r su b s tru c tu re . X 32,300
Fig . 8. A young , large cell revealing  m onocy to id  and ep ith e lia l charac te ris tic s , from  
th e  72 h cu ltu re . A large nucleo lus is p re sen t in  th e  nucleus, and the Cytoplasm  con ­
ta in s  m an y  p rim a ry  lysosom es, sporad ica lly  m icro filam en ts an d  polyribosom es. 
X 19,500
F ig . 9. Sm all lym phocy te  w ith  a  sm all nucleolus and  few cy top lasm ic  organelles
X 13,600
Fig . 10. A ‘h an d  m irro r’ form  m edium -size lym phocy te . T his shape  is ch a rac te ris tic  
for th e  slid ing lym phocy tes . X 11.000
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F ig . 11. M edium -size lym phocy te  con ta in ing  a  nucleolus an d  m an y  cy top lasm ic  o rg an ­
elles. The large, dense m itochond ria , cy tosom e and  filam en ts  are  ch a rac te ris tic  for th is
cell ty p e . X 17,000
Fig . 12. L ym phocy te  revealing  tra n s itio n a l im m unob last charac te ris tic s . N o te  th e  
p ro m in en t nucleolus, and  th e  lack  o f cy top lasm ic organelles. X 13,400
F ig . 13. N u c lea r pores, few po lyribosom es and  m an y  free ribosom es are  also c h a ra c te r­
is tic  for th is  ly m p h o cy te  ty p e . X 61,800
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D IE  U L T R A ST R U K T U R E L L E  U N TERSU CH U N G  VON Z E L L E N  
NAC H IH R E R  LEB EN D BEO BA CH TU N G  IN D E R  K U LTU R*
von
W . O. GROSS**
HISTOLOGISCH-EMBRYOLOGISCHES INSTITUT DER UNIVERSITÄT LAUSANNE, SCHWEIZ
Es gibt fü r den Gewebezüchter nichts Reizvolleres, als im E lek tronen­
m ikroskop eine Zelle zu betrach ten , die er vorher in der K u ltu r h a t leben 
sehen. U ltrastru k tu re lle  Differenzen zwischen norm alen u nd  malignen 
Zellen (P orter und  Thom pson, 1947; Gey u nd  Bang, 1951), die K ultiv ierung  
von N euroblasten  (Barski e t al., 1949), die Z ilienstruk tur von Fungen 
und Algen (M anton et al., 1952), die Identifizierung des endoplasm atischen 
R eticulum s m it dem  E rgastoplasm a ( P orter u nd  Thom pson, 1953), B akterio- 
phageneffekte (M urray u n d  W yckoff, 1953), die A k tiv itä t verschiedener 
Zellorganellen in der K u ltu r (Gey e t al., 1954), M itosestudien in HeLa- 
Zellen (Robbins und  G onatas, 1964), C hrom osom enstrukturen von Spei­
cheldrüsenzellen (Gay, 1955), S tru k tu rstu d ien  an  enukleierten  A m nion­
zellen (Micou e t al., 1962), M itosevorgänge in T radescantia  (Sparvoli e t al., 
1965), Entw icklung von R ückenm arksku ltu ren  (Bunge et al., 1965), Leuko- 
cyten in verschiedenen Phagozytosestadien (Egerberg, 1965), die F e in ­
s tru k tu r  von Sexchrom atinkörpern (W olstenholme, 1965), E ffekte von 
L aserstrahlen au f К В -Zellen (Storb et al., 1966; Lesourd un d  Chevance, 
1967), M eiosestadien von HEp-Zellen (Price, 1967), K onfiguration  von 
H aftste llen  der Chang-Leberzellen an  M illipore-Filtern (Dalén und Neva- 
lainen, 1968), die Entw icklung von Zahnanlagen in der K u ltu r (Kum egawa 
et al., 1968), V erhältnis von Lewis’schen Pinocytosevakuolen zu M ikropino- 
cytosebläschen (Gross u nd  Riedel, 1969), N a tu r der A sphaltflecke von 
isolierten Herzm uskelzellen (Gross und  Müller, 1971), das Zell-Virusver- 
hältnis in F ib rob lastenku ltu ren  (McCombs e t al., 1968), K inem atographi- 
sche Zellforschung (B ereiter-H ahn u nd  Egner, 1968), R adioautographische 
U ntersuchungen von Zellteilen (Möller und Cirelli, 1970), R eizleitungs­
phänom ene (D eH aan e t al., 1969/1970), das V erhalten von K eratocy ten  
und  M elanocyten des Meerschweinchens in der K u ltu r (Branson, 1971), 
die Differenzierung von g la tten  Muskelzellen in der K u ltu r (Campbell e t al., 
1971) und andere in teressante Forschungsvorhaben haben  die E xpe­
rim entato ren  zu V erfahren inspiriert, der Zelle vom m ikroskopischen 
Bild der K u ltu r zum  E lektronenm ikroskop eine B rücke zu schlagen. Es 
fällt aber auf, daß m an in den jüngsten  Jah ren  fü r die E lek tronenm ikro­
skopie von ku ltiv ierten  Zellen viel häufiger erst von der fix ierten  oder noch 
ö fter sogar von der schon eingebetteten  K u ltu r ausgeht, als daß m an die 
Zelle, deren EM -Bild m an anfertig t, wirklich im lebenden Z ustand  gesehen
* M it U n te rs tü tz u n g  d u rch  d ie D eutsche Forschungsgem einschaft.
** U n te r  M ita rb e it von  F r . Ch. M üller.
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h ä tte . Wohl ist eine Vorlage von fix ierten  oder eingebetteten  Zellen zu 
m anchem  Studium  der U ltra s tru k tu r als Basis ausreichend. Denn die 
F ixierung m it G lu tara ldehyd und  O sm ium tetroxid, wie sie fü r die E lek tro ­
nenm ikroskopie benu tzt wird, erhält einer Zelle viel ihres ursprünglichen 
Aussehens.
Sobald m an jedoch die Einzelheiten, die das EM -Bild bring t, m it Kunk- 
tionsabläufen in der Zelle in V erbindung bringen will, muß der elektronen­
m ikroskopischen A ufbereitung die Lebendbeobachtung der Zelle voraus­
gehen. Die M ethodik, eine Zelle aus der K ultu r u n te r das E lektronenm ikro­
skop zu versetzen, ist von ihrem  Beginn ab, wo Zellteile in ihrem  Ganzen 
von den E lek tronenstrah len  zur Bildererzeugung durchdrungen werden 
m ußten  (P orter et al., 1945), je tz t seit m an nach Borysko und  Sapranauskas 
(1954) Schnitte von K u ltu ren  anfertig t und  m an seit Bloom (1960) die 
in der K u ltu r gesehene oder behandelte Zelle im EM w iederfindet, durch 
die sich weiter verbessernden Indentifizierungsverfahren so sicher geworden 
u nd  liefert durch die sich in  jenen Jah ren  gleichzeitig w eiterentw ickeln­
den Fixierungs-, E inbettungs- und  Schneidetechniken so einwandfreie 
Bilder, daß ein Gewebezüchter je tz t ohne weiteres die elektronenm ikro­
skopische U ntersuchung der Lebendbeobachtung seiner Zelle anschließen 
kann.
Lassen Sie mich dafü r ein Beispiel bringen: H ier w ird ein Vorgang in der 
lebenden Zelle m it Zeitraffer dargestellt. E ine isolierte Herzmuskelzelle 
des H ühnerem bryos zeigt neben den uns bekann ten  Organellen wie K erne 
m it Nucleolus, F e tttröp fchen  und M itochondrien, paraplasm atische dunkel 
getönte Einschlüsse. Diese als A sphaltflecke benann ten  Gebilde ändern  
sich. Was je tz t vor Ihnen  ab läuft, ist w ährend l l/2 S tunden geschehen. 
Fettkügelchen  und  M itochondrien bewegen sich schnell. Die Flecke bleiben 
an  ihrem  Ort, ändern  aber langsam  ihre K onturen . W as ich Sie besonders 
zu beachten  b itte , ist diese Stelle im Plasma. Es b ildet sich hier ein neuer 
Fleck, der P u n k t w ird ste tig  größer; schließlich verb indet er sich m it dem 
schon vorhandenen größeren Fleck. Was ist hier geschehen? Die E M -U nter­
suchung soll Aufschluß geben.
Im  linken Bild erscheint diese Zelle noch einm al im P h asen k o n trast­
bild (Abb. 1), ihm  en tsp rich t das noch schwach vergrößerte EM -Bild des 
rech ten  P ro jek to rs (Abb. 2). Die Id e n titä t der äußeren Form  beider Zell­
bilder ist unverkennbar. B itte  auch die gleiche Form  des Nucleolus zu 
beachten. Auch die M itochondrien-A nhäufungen hier und  do rt entsprechen 
sich. A ußerdem  können w ir F e tttrö p fch en  au f beiden Bildern identifizieren. 
N un in teressiert uns am  m eisten die Stelle, an  der der F leck en tstanden  
ist. Das w ar hier an  dieser Schwärzung im EM -Übersichtsbild. U m  was 
es sich dabei d reh t, sollen die höheren V ergrößerungen zeigen. In  diesem 
Bild (Abb. 3), wo gerade noch der K ern  m itgeschnitten  ist, liegt der F lecken­
bezirk am  rechten  R and. Im  nächsten  Bild, das zur rechten Zellgrenze reicht 
(Abb. 4), ist er am  linken R and , u nd  hier im d ritten  Bild (Abb. 5) haben 
wir ihn im vollen Visier. Bei der s tä rk sten  V ergrößerung löst er sich au f 
in P artikel, die einen ungefähren D urchm esser von 180-300 À haben. Die 
Abb. 6 zeigt bei gleicher Vergrößerung den F leckenbezirk in einer anderen 
Schnittebene.
Das ist die N a tu r dieser Einschlüsse generell. In  seiner Fortsetzung  
zeigt der F ilm  einen pulsierenden K om plex von Herzm uskelzellen. G epaart
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A bb. 1. P h asen k o n tra s tb ild  e iner iso lierten  H erzm uskelzelle  in  der 
K u ltu r . In n e rh a lb  1‘/2stü n d ig er B eo b ach tung  w a r der m it dem  P fe il 
bezeichnete  F leckon te il aus e inem  p u n k tfö rm ig en  A nfang  neu
e n ts ta n d e n
m it M itochondrien, F e tttrö p fch en  u nd  Pinocytosevakuolen sehen wir auch 
wieder A sphaltflecke. D er Vergleich des EM -Übersichtsbildes m it dem 
Bild der lebenden Zelle erbring t die identischen Organe. F e tttrö p fch en  der 
N um m ern 1-4, P inocytosevakuolen der N um m ern 1-5, M itochondrien der 
N um m ern 1-3. Auch hier lösen die stärkeren  V ergrößerungen die Flecke 
zu Gebilden von 180-300 A Durchm esser auf.
Schließlich bring t der F ilm  noch einen kleinen pulsierenden K om plex 
m it sehr starkgetön ten  A sphaltflecken. Dieser Zipfel des EM -Fotos e n t­
sprich t jener Stelle des P hasenkontrastb ildes, u nd  die höhere Auflösung 
b ring t in  dem  vollen Fleck wieder die K örperchen, deren D urchm esser den 
/I-Teilchen des Glykogens entsprechen. Sie liegen so lose, daß die histo- 
chemischen U ntersuchungen lange Zeit wegen der Fixierungsschwierig-
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A bb, 2. E M -Ü bersich tsb ild  der gleichen Zelle. D er Pfeil ze ig t au f  die S telle, wo der 
F leck  e n ts ta n d e n  is t. Sie is t d u rch  eine Schw ärzung  ch a rak te ris ie r t
keiten scheiterten. Es gelangen dann  aber doch eine Reihe von Färbungen. 
Z unächst nach G endrefixierung eine Ferm entprobe. Hier m it W asser und 
hier m it D iastase. Man sieht, daß das, was nach dem Fixieren übrig blieb, 
nach der Ferm enteinw irkung weggelöst ist. F ü r diese schlagende Zelle 
haben wir im w eiteren Film streifen positive histochem ische R eaktionen 
erhalten : Jo d d am p f (Phasenbild, durchscheinendes Bild), K arm infärbung 
(Phasenbild, durchscheinendes Bild) und  schließlich PA S-Färbung (Phasen­
bild u nd  durchscheinendes Bild).
W as m an also in diesen elektronendichten Stellen gesehen h a t, w ar 
Glykogen. E s sind locker liegende /^-Teilchen nach D rochm ans (1962)
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A bb. 3. E in  T eil d e r g leichen Zelle, der vom  K ern  bis in  den  K leckenbezirk reicht
Terminologie. U nd was wir im Film  gesehen haben, w ar die m it Zeitraffer 
zur E rscheinung gebrachte G lykogensynthese in der lebenden H erzm uskel­
zelle des H ühnerem bryos. Den neugebildeten Fleck im EM -Bild w ieder­
zugeben, w ar fü r diese B ehauptung  wichtig, weil noch w eithin unbekann t 
ist, daß m an Glykogen im Phasenkontrastm ikroskop  sehen kann  und  
deshalb ein Beweis durch  Parallelschlüsse nicht überzeugt hä tte .
Was je tz t die derzeitige Technik anlangt, die Zelle von der B eobachtung 
der K u ltu r m it dem  Phasenkontrastm ikroskop  ab bis zum  Schneiden m it 
dem  U ltram ikro tom  nich t zu verlieren, kann  m an nach zwei P rinzipien 
verfahren. Bei dem ersten  P rinzip  beginnt m an m it den K unstgriffen  erst, 
wenn m an die K u ltu r u n te r dem M ikroskop hat.
Dieses bis in  die le tzten  Jah re  p rak tiz ie rte  S tandardverfahren  (z. B. 
Price, 1967) m ark iert m it einem D iam antschreiber zuerst die R ückseite 
der Stelle des Deckgläschens, wo au f der K u ltu rseite  die beobachtete Zelle
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A bb. 4. Die von  der Zollgrenze ausgehende S trecke zum  F leckenbezirk
liegt. Das ist der Anfang. U n d  nun entw ickeln sich zwangsläufig d arau f 
z. B. folgende M anipulationen:
(1 )M arkieren des Kreises. D er Kreis, den m an vielleicht m it einem D urch­
messer von 1 mm gezogen hat, w ird nach ö ffn en  un d  F ixieren der K u ltu r 
m it einem F e tts tif t  selbst noch m arkiert. Dazu muß man, wenn m an zum 
B eobachten der K u ltu r und  A nbringen des Kreises ein U m kehrm ikroskop 
b en u tz t hat, die offene K am m er um kehren und  Sorge dafür tragen, daß das 
P rä p a ra t tro tzdem  au f der K ultu rseite  feucht bleibt.
G ay  sp rach  1955 vo n  e iner M ark ierung  ih rer Q u e tsch p räp a ra te  zu r sp ä te ren  E in ­
b e ttu n g . Ü ber die A rt und  W eise feh len  bei der A u to rin  nähere  A ngaben . B loom  h a t  
I960 einen  K re is m it dem  D ia m a n ts tif t  a u f  die R ü ck se ite  des D eckgläschens gese tz t. 
E r  fand  d a m it d ie  Zelle n ach  F ä rb u n g  in  seiner Z en trie rv o rrich tu n g  und  k o n n te  sie 
d a m it a u f  d as V isierkreuz ausrich ten . bevor er e in b e tte te  eine A ufsuchm ethode, die 
S ilvestre  e t  al. im  U m kehrm ik roskop  1961 w iederho lten . B e re ite r-H ah n  un d  E g n er 
(1968) begannen  auch  ihre Id en tifiz ie ru n g stech n ik  von  lebenden  Z ellen  m it dem  A u ­
ßenkreis, au ß erd em  W olstenholm e (1965) sowie P rice  (1967).
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A bb. 5. D er e igentliche F leckenbezirk . Bei d ieser V erg rößerung  lä ß t sich der D u rch ­
m esser der E inzelkugeln  m it 180-300 Â bestim m en . E r  is t m it dem  der /S-Teilchen
des G lykogens gleich
(2) Kreise au f der Kulturseite. An H and  dieser M arkierung findet m an im 
V ertikalm ikroskop den Kreis au f der A ußenseite des Deckgläschens und  
nach Fokusierung der K ultu rseite  auch die ausgewählte Zelle. H ier erhält 
m an allerdings ein gegenüber der ersten  B eobachtung um gekehrtes Bild. 
S ta t t  des O bjektivs se tz t m an nun  den D iam antschreiber ein und ritz t 
dam it um  die ausgesuchte Zelle den zweiten K reis m it etw a halb so großem  
Durchm esser. 0,5 mm D urchm esser eines Kreises erfaß t natü rlich  m ehrere 
Zellen; deshalb ist es von Vorteil, wenn m an die ausgewählte m öglichst 
in die M itte des Kreises gelegt hat. Die Gefahr, die Zelle durch  den D ia­
m an tstift zu verletzen, verh indert, kleinere Kreise zu benutzen.
R o b b in s  und  G onatas (1964) v e rz ich te ten  a u f  den  äu ß eren  K reis. Sie m a c h te n  einen 
K re is  in die K u ltu r . D as w a r aber n u r m öglich, weil sie die Zellen vo rher f ix ie rt h a tte n . 
D er K re is a u f  der Innensch ich t des D eckgläschens zeichnete sich a u f  dem  A ra ld it- 
b lock sp ä te r ab . R obb in s und  G onatas  fü h r te n  den  A b d ru ck  a u f  die an g eritz te  K o h le ­
sch ich t zu rück , die sie zum  Zw ecke der sp ä te ren  A blösung  des E in b e ttu n g sm itte ls
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Abb. 6. Aus einem hier nicht gezeigten Übersichtsbild einer anderen Schnittebene 
ließ sich am Ort des Flecks diese Vergrößerung hersteilen. Das Glykogen ist wieder
erkennbar
(Araldit) aufgedampft hatten. Auch Montgomery et al. (1966) sowie Price (1967) 
nehmen den Abdruck als einen Effekt der Verletzung der Kohleschicht. Egeberg 
(1965) benutzte ebenfalls den Diamanten. Er bezeichnete aber damit die schon in 
Epon eingebetteten Zellen. Ebenso verfuhren Brinkley et al. (1967) und Zagury et al. 
(1968).
Storb et al. (1966) präparierten Deckgläschen der Rose-Kulturkammer auf 
der späteren Kulturseite m it 3 Kreisen von 200-400 firn. Damit dort die Kapseln 
aufgesetzt wurden, waren auf der Rückseite des Deckglases ebenfalls Kreise ange­
bracht. Diese waren größer und nahmen die Innenkreise in ihren Bereich auf. E rst 
die eingeritzten Deckgläser wurden m it Form var überzogen und hierauf die Zellen 
zur K ultur gesetzt. Das Formvar war m it einem Eponring aufgeklebt. Die eingra­
vierten Kreise haben sich dann trotz des darüber befindlichen Formvar auf den Epon- 
block abgedruckt. Das beweist, daß in den Verfahren von Robbins und Gonatas es 
nicht die Kohle war und ihre Verletzung, die den Abdruck gab, sondern die D iam ant­
spur im Glas.
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(3) Färben der Zelle m it einer Alkohol-unlöslichen Farbe. N achdem  die 
Zelle m it einem K reis bezeichnet ist, kom m t sie zum  Trim m en des Epon- 
blocks besser heraus und  läß t sich eher schonen, wenn sie gefärb t ist. Der 
K reis ist ja  nur ein A nhaltspunk t fü r eine genaue Lokalisierung.
Das Anfärben der Zellen so, daß man ihre Formen im Einbettungsmittel später 
wiedererkannte, war schon ein Bestandteil der Bloomschen Identifizierungstechnik 
(1960). Aus seiner Beschreibung geht nicht sicher hervor, ob bei ihm die elektronen­
mikroskopische Anfärbung mit Osmiumtetroxid z. B. schon ausgereicht ha t oder 
ob die K ultur auch noch m it einer anderen Farbe imprägniert war. Storb et al. (1966) 
benutzten Janusgrün oder Nilbau, Cresylblau oder Methylenblau, um die Zellen im 
Block stärker hervortreten zu lassen. Auch Gorycki (1966) färbte die Zellen mit 
Methylenblau an. Price färbte mit Anilinblau nach der Fixierung in Glutaraldehyd 
T  O s04, Dalen und Nevalainen (1968) m it Hämatoxylin.
(4) Zentrieren der K apsel über der Zelle. Dazu w ird eine Beem- oder Ge­
latinekapsel gekappt u nd  in eine Zentriereinrichtung eingesetzt, die in 
einen Spezial-D eckglashalter paß t. Mit dem L ich t durch die K apsel in 
einem  U m kehrm ikroskop w ird die Zelle aufgesucht und  in die M itte des 
aufsitzenden Kapselrandes gebracht. D arau f w ird die K apsel gefüllt und 
sam t Z entriereinrichtung in  den Heizofen bei 60 °C gestellt.
Der erste Apparat, m it dem man die ausgewählte Zelle in den M ittelpunkt des 
Blockes richten konnte, stam m t von Bloom (1960), wiewohl Nebel und Minick (1956) 
und auch Nishiura und Rangan (1960) H alter für das Aufsetzen von Kapseln konstru­
iert hatten  — Vorrichtungen, die später dadurch überflüssig geworden sind, weil das 
flüssige Methacrylat von einem z. T. polymerisierten Methacrylat oder dem noch zäheren 
Epon ersetzt wurde und der Inhalt einer aufs Deckglas aufgesetzten Kapsel ohnehin 
nicht auslief. Die Vorrichtung von Bloom bestand im Prinzip darin, die Zelle mit 
einem Kreuz in Deckung zu bringen, das sich auf einem Glasplättchen eingeritzt, 
im genauen Zentrum eines Metallringes befand. In diesen Ring paßte ein zweiter, 
durch den ein durchscheinender Stab gesteckt war, dessen Spitze mit der eingebette­
ten Zelle verklebt wurde. Silvestre und Mitarb. benutzten eine ähnliche Vorrichtung 
1961. Obgleich Robbins und Gonatas (1964) durch den auf die Schichtseite gelegte 
Kreis die Zentriervorrichtung glaubten entbehrlich gemacht zu haben und Storb et al. 
(1966) die Kreise in das vorzubereitende Deckgläschen auf die Kulturseite setzten, 
haben Price (1967) und auch Bereiter-Hahn und Egner (1968) noch Zentriere inrieb - 
tungen erfunden, wovon die praktischste von den zuletzt genannten Autoren stammt.
Man kann  die Spezialvorrichtungen jedoch um gehen, wenn man, wie 
W olstenholm e (1965), die K u ltu r nur in  einer Schicht und  n ich t m it einer 
ganzen K apsel e inbettet. Diese kleine P la tte  w ird au f einen O bjek tträger 
u n te r ein M ikroskop gebracht. An H and  des A ußendiam antkreises des noch 
d arau f befindlichen Deckgläschens können die Zellen nochm als eingestellt 
u nd  m it dem  Nonius des K reuztisches örtlich  festgelegt werden. N ach den 
Noniuszahlen sind sie wieder auffindbar, wenn inzwischen das Deckglas 
z. B. m it C 0 2-Eis abgesprengt ist. J e tz t  kann  m an die Zellen im E in b e ttu n g s­
m ittel erneu t z. B. m it einer Rasierklinge m arkieren. Die U m randung von 
etw a 0,1 mm findet m an beim Trim m en wieder, wenn aus der P la tte  des 
E inbettungsm ittels inzwischen die S tückchen m it den Zellen au f einen 
Zylinder des E inbettungsm ittels geklebt sind.
Nach einer Abbildung im russischen Virologischen Lehrbuch von Chdanow und 
Gaidamowitsch (1966) zu schließen, hat auch Bykowskij (1966) diese Methode benutzt. 
Eine Beschreibung ist leider nicht beigegeben. Die Schwäche dieses Verfahrens ist 
die Markierung der Zelle im Einbettungsmittel, da die Umrandung für das Trimmen 
umso vorteilhafter ist, je näher sie an der Zelle verläuft. Hier besteht jedoch die 
Gefahr der Verletzung oder gar des Verlustes der ausgewählten Zelle.
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Abb. 7. Übersichtsbild der Kultur, aus der die Zelle der Abb. 1 für das Filmen der 
Fleckenentstehung ausgesucht worden war. Außer den Zellen werden die ins Deck­
gläschen eingravierten Striche für das Netz und den Kreis sichtbar. Die ausgewählte 
Zelle hatte  sich im Quadrat 1 : 1 des Gitters abgesetzt (Sternchen)
Das A nbringen des äußeren Kreises, seine M arkierung m it F a rb s tift 
u n te r  dem Mikroskop, das Setzen eines zweiten Kreises au f die K ultu rsch ich t, 
das F ärben  der Zelle, das Z entrieren der Zelle au f die Eponkapsel w ird in 
dieser oder jener Form  im m er ausgeführt werden müssen, wenn m it den 
M anipulationen erst bei der fertigen K u ltu r begonnen wird. Alle 5 K u n s t­
griffe werden aber entbehrlich, wenn m an sich beim Anlegen der K u ltu r 
die Lokalisierung der Zelle für das E M -P räparat schon vorbereitet hat. 
Das ist das zweite Prinzip.
Storb et al. hatten schon 1966 8 Kreise auf die Kulturschicht des Deckgläschens 
gesetzt. Diese Zeichen haben sich auf der Fläche des vom Deckglas abgelösten Epon- 
blockes abgedrückt. Den Experimentatoren genügten 3 Plätze pro Präparat, denn 
welche Zellen sich zufällig hi r absetzten, war belanglos, weil sie diese Zellen zur
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Abb. Ha und 8b zeigen die Bestandteile unserer Kulturkammer im losen und montier­
ten Zustand. In  das Deckgläschen (D) ist das bei diesem Foto unsichtbare Netz von 
1,0 mm2 Flächeninhalt eingeritzt. Der Paraffinring (P) hält das Medium (M) im Mittel­
punkt der Kammer
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Abb. 9a und 96. Kultur aus einem anderen Identifizierungsversuch. Die Zeichnung des 
Gitters ist sowohl bei Betrachtung der K ultur als auch beim Blick auf die Kapsel­
fläche seitengleich. Die in den Quadraten liegenden fixierten Zellen der Abb. 96 
entsprechen der der lebenden Kultur. Beide Netzbilder sind vom Netz der Abb 7 leicht 
zu unterscheiden: z. B. ist die A-Kolonne (Pfeile) bei den Abbildungen 9a und 96 
enger als die übrigen, bei dem Gitter der Abb. 7 ist sie den übrigen Kolonnen eher 
gleich. In  96 erscheint beim Trimmen meist nur die Gravur. Im Foto werden die 
Zellen sichtbar, weil die Fläche in einer Scheibe von der Kapsel abgesägt und mit 
Immersionsöl auf einen Objektträger gesetzt worden war
Bestrahlung benutzten. Wenn Zellen unter mehreren anderen wegen ihrer eigenen 
Charakteristik ausgesucht werden sollen, braucht man an dem vorpräparierten Deck­
glas mehr definierte Orte. Lesourd und Chevance ( 1967) haben für freie Zellen ein EM- 
Gitterchen m it festwerdendem Plasma auf dem Deckglas befestigt. Die Zellen in den 
Maschen waren dreidimensional definiert. Da das Licht des Kondensors durch das 
G itter dringen muß, ist dieses Verfahren für die Beobachtung einer auf dem Deckglas 
wachsenden K ultur unbrauchbar, auch wenn das G itter ohne Plasma befestigt 
werden könnte. Dem von Storb et al. und Lesourd und Chevance angestrebten Prin­
zip, die örtliche Definition einer Zelle schon durch Ortsmarkierung der K ultur­
fläche zu erreichen, ist eine allgemeine Anwendbarkeit beschert, wenn man das 
Gitter von Lesourd und Chevance direkt in die die K ultur tragende Membran zeich.
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Abb. 96
net, d. h. wenn man in die Kulturfläehe des Deckglases s ta tt der 3 Ringe von Storb 
et al. ein ganzes Netz von Planquadraten eingraviert.
Aus einem solchen P lan q u ad ra t haben Gross und  R iedel (1969) die 
undulierende M em bran einer s ta rk  p inocytierenden HeLa-Zelle u n te r 
das EM  gebracht u nd  in der U ltra s tru k tu r die Massen der M ikropinocytose- 
vesikel aufgedeckt, aus denen m an sich die Bildung der Lewis’schen Pino- 
cytosevakuolen zu denken hat. Auch die Ihnen  dem onstrierte Id en tif i­
zierung ist so vor sich gegangen. Bei der P ro jek tion  der drei Zellen m it den 
A sphaltflecken konnten  Sie Striche in dem  Deckglas erkennen. Ich  bringe 
noch einm al das B ild der Zelle, die den F leck en tstehen  ließ (Abb. 1). 
Das N etz, in  dem sie lag, ist im  ganzen in  diesem Ü bersichtsbild  (Abb. 7) 
en thalten . D er K reis links u n ten  erlaub t die richtige O rientierung. Die 
Q uadrate w urden m it A bis J  nach der Seite und  m it 1 bis 10 von un ten  
nach oben bezeichnet. (Wie die ganze K ulturkam m er, die dieses D eck­
gläschen enthielt, zusam m engesetzt war, zeigen die A bbildungen 8a un d  8b.)
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Abb. 10. Das Eingravieren des Netzes. Das Deckgläschen liegt auf einem Objekt­
träger. Sein Platz genau in der Mitte ist dadurch bestimmt, daß dem Objektträger 
als Schiene links und rechts zwei Lamellen (L) von Deckglasdicke aufgeklebt sind. 
Das Deckgläschen paßt gerade in ihren Zwischenraum. Der Diamant Schreiber ist 
auf die Mitte des Deckgläschens gesetzt und ritz t unter Leitung der entsprechenden 
Ausschläge der beiden Noniuse (Nj und N.,) die senkrechten und waagrechten Striche
des Gitters ein
D ann ist die Zelle über alle S tadien der P räp a ra tio n  fürs EM hinaus bis zum  
Eponblock hin definiert. Sie liegt im P lan q u ad ra t 1 : 1 .  Man kann  sich an 
H and  des Kreises orientieren, um das P lan q u ad ra t aufzufinden. Das Bild, 
das m an beim Trim m en au f der Fläche des Blockes vom N etz sieht, ist m it 
dem  bei der B etrach tung  der K u ltu r seitengleich und nicht spiegelbildlich. 
Z. B. habe ich hier links ein Fo to  der K u ltu r (Abb. 9a), rechts eines m it 
Blick au f den Block (Abb. 9b). Man sieht in beiden Fällen den K reis links 
un ten . An der A bbildung sieht m an auch die U nregelm äßigkeit der Netze.
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Abb. 11. Die auf die Mitte des Deckglases gesetzte Durcupankapsel trifft genau das 
Netz in der präparierten Kultur. Die Diagonalen in der Zeichnung des daruntorliegen­
den Kartons leiten auf den richt igen Aufsetzpunkt
W ir haben bei den Abbildungen 9a und 9b links z. B. zwei eng aneinander- 
liegende Linien. Bei dem  ersten N etz (Abb. 7) ist die A-Reihe nicht so eng. 
D afür charak terisiert die Lage des Kreises dieses Netz. Von diesen selbst 
verfertig ten  Netzen sieht jedes anders ans. M an kann  so das G itter beim 
Trim m en m it dem F otografierten  identifizieren und etwaige Verwechse­
lungen können dieses Stadium  der B earbeitung der P räp a ra te  n icht u n ­
bem erkt durchlaufen.
Die gu te D efinition des P latzes einer Zelle in den P lanquadra ten  an im iert 
dazu, eine Zelle w ährend der K u ltu r  ggf. über Tage hinaus m ehrerem als 
wieder aufzusuchen, so daß fü r das u ltrastruk tu re lle  S tudium  die Geschichte 
der Zelle in der K id tu r bekann t ist. Auch Zellwanderungen können ge­
messen werden.
Die fü r diese Identifizierungsm ethode erforderliche Sonderarbeit ist das 
E ingravieren des Netzes. Es gilt, m it Hilfe von K reuztisch  und  D iam an t­
schreiber (Zeiß oder Leitz) das G itte r in die genaue M itte des Deckgläschens 
einzuritzen (Abb. 10). Das lern t aber jede Laborhilfe leicht. Unsere Spül-
A bb. 12. 24 S tu n d en  g eh ä rte te  K ap se ln . Bei der einen  is t der K u ltu r  gegenüber au f 
d is  bloße Seite des G lases eine zw eite K ap se l au fgesetz t
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Abb. 13. Nach weiteren 48 Stunden Heißluftaufenthalt wird m it der Zange das die 
Kapsel überragende Glas m it Einbettungsm ittel abgeknipst
frau  verfertig t die 10-20 Stück fü r einen K u ltu ran sa tz  in einer Stunde. D er 
M ikroskopiker selbst ist, wenn die K u ltu r schon m it einem N etz angelegt 
worden ist, von aller M arkierungs- un d  Z entrierungsarbeit zwischen Beob­
achtung  der Kul t u r  bis zum  Trim m en des Blockes befreit: das Deckgläs-
Abb. 14. Über dem etwas herausstehenden Deckglasrest als Dreh­
punkt lassen sich die Kapseln auseinanderbrechen. Es empfiehlt sich, 
zunächst unter Drehen mit geringem Druck zu beginnen
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Abb. 15. Die etikettierte Kapsel enthält die Kultur. Das Glas geht 
beim Brechen mit auf die Hilfskapsel
chen wird, m it der fü r die E in b ettu n g  p räparierten  K u ltu r  nach oben 
weisend, au f einen weißen K a rto n  in eine Bleistiftskizze von D eckglas­
größe gelegt. Die D iagonalen der Zeichnung treffen  sich dort, wo das Netz 
liegt und  leiten au f den richtigen P la tz  zum  Aufsetzen der K apsel (Abb. 11).
A uf die Geschichte der K unstgriffe, wie m an das Deckgläschen p räp a ­
rieren m uß, um  sp ä ter das E in b ettu n g sm itte l wieder ablösen zu können, 
sei hier n ich t näher eingegangen, da  ein voll befriedigendes V erfahren noch 
allenthalben gesucht wird. H a t m an wie Bloom (1960) nach D r. H . Eernán- 
dez-M oráns Vorschlag K ohle au f das Deckglas aufgedam pft, so em pfiehlt 
sich, besonders wenn die K u ltu r längere Zeit au f der K ohleschicht gewach­
sen war, 24 Std. nach der ersten  H ärtung  bei 60 °C eine zweite K apsel der 
ersten  gegenüber au f die bloße Seite des Deckglases zu setzen (Abb. 12). 
Nach vollständigem  A ushärten  der beiden K apseln, d. i. nach 72stündigem  
H eiß lu ftschrankaufen thalt, zw ickt m an die überstehenden Deckglasteile 
m it einer Zange ab (Abb. 13) und brich t die beiden K apseln über dem  noch 
herausstehenden R est au f einem Tisch auseinander (Abb. 14). Mit R egel­
m äßigkeit b leib t der D eckglasrest an  der zw eitaufgesetzten K apsel haften  
(Abb. 15). Die Zellen liegen unm itte lbar u n te r der je tz t freigewordenen 
Oberfläche des e rh ärte ten  E inbettungsm ittels. Beim Trim m en sieht m an 
von der A bbildung m eist nur das Netz. Als P yram idenspitze w ählt m an 
die Stelle des Netzes, an  der im Ü bersichtsbild  der K u ltu r die Zelle liegt.
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For a long tim e it had  been believed th a t the  re tinal pigm ent epithelium  
serves as a dark  cham ber for the  visual process. However, as early  as in 1879, 
K ühne po in ted  out th a t  th e  p igm ent epithelium  is necessary for th e  regen­
eration  of th e  visual purple a fte r bleaching. F u rth e r physiological and 
biochem ical studies (H ubbard  and  Colman, 1959; H u b b ard  and  Kropf, 
1959; Dowling, 1960; H u b b ard  and Dowling, 1962) ind icated  th a t  the  pig­
m ent epithelium  is involved in  the  m etabolic cycle of rhodopsin being the  
site of reisom erization of the  chrom ophore molecule. In  addition, the spe­
cialized fine s tru c tu re  of th e  pigm ent epithelium  (P orter and  Y am ada, 1960; 
Y am ada, 1961, B ernstein, 1961; Dowling and  Gibbons, 1962; Feeney e t al., 
1966; M atsusaka, 1967; Röhlich, 1967), especially the  abundance of sm ooth 
endoplasm ic reticulum  could be in terp re ted  satisfactorily  only on th e  basis 
of p igm ent synthesis.
All these observations suggested th a t  th e  re tinal pigm ent epithelium  
m ust have an additional, perhaps m ore im portan t, function th an  to  shield 
photoreceptors from  sca tte red  light. A  special nursing role of the  re tinal 
epithelium  for th e  photoreceptor cells was the  m ost probable hypothesis 
in th is respect. We assum ed th a t  a close con tac t of th e  photoreceptors 
w ith  th e  epithelium  is a prerequisite for the  norm al developm ent and  m ain­
tenance of th e  specialized photoreceptor structu re . In  order to  approach 
th is  problem , we have u ndertaken  in  vitro studies m aintain ing the  neural 
re tina  and  th e  pigm ent epithelium  in organ cultures separately  or in  close 
contact w ith  each other. The present work, which is the  first p a r t of th is 
investigation, reports on the  u ltra s tru c tu ra l characteristics of the  pigm ent 
epithelium  m ain tained  in organ culture.
Eyes of 11, 13, 15, and  18-day-old chicken em bryos were dissected and  
th e  pigm ent epithelium  was isolated either together w ith  th e  scleral ca r­
tilage or separated  from  it. The epithelium  was th en  placed on lens paper 
floating on fluid culture medium. Two m edia were used: one was a 1 : 1 
m ix tu re of bovine serum  and  chicken em bryo ex tract, and  the  o ther one 
w asT row ell’s ( 1959) T8 medium  supplem ented w ith  15 per cent bovine serum. 
A to ta l of 85 cultures were prepared, fixed and  processed for electron m icros­
copy on the  2nd, 3rd, 4th, 5th, 7th and  9th  days of cultivation.
In  hea lthy  cultures th e  fine s tru c tu re  of th e  pigm ent epithelium  was 
ra th e r sim ilar to  th a t  of chicken em bryos of th e  same age. Apical cy toplas­
mic processes (Fig. 2) and  a basal lab y rin th  (Fig. 3) were characteristic 
features of the  epithelium  in these cultures. The lab y rin th  began to  appear 
focally a t  th e  cell contacts in th e  basal region of the epithelium  and  it was
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F ig . 1. (a) L ig h t m icrog raph  o f  th e  ep ithe lia l layer grow n w ith o u t ca rtilage  on  serum  
an d  ch icken  em bryo  e x tra c t. S em ith in  section . (b) L ig h t m icrog raph  o f ep ithe lia l 
c u ltu re s  grow n on T8 m edium . N o te  g ian t nucleoli, spherical cy top lasm ic processes 
a t  th e  ap ica l surface, an d  (c) m u ltilay e red  appearance . S em ith in  sections
F ig . 2. A pical surface of the  ep ithe lium . P r, long cy top lasm ic processes; E R , ergasto-
plasm ic cis terna ; G, Golgi ap p a ra tu s ; N , nucleus
F ig . 3. B asa l reg ion  o f the  ep ith e lia l cells. N , nucleus; J ,  ju n c tio n a l s tru c tu re ; M, 
m itochond ria ; B L, basa l lab y rin th ; BM, basem en t lam ella; C, collagen fibrils
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F ig . 4. Cell ju n c tio n  betw een  ep ith e lia l cells. ZO, t ig h t ju n c tio n ; ZA, zonu la  adhaerens
F ig . 5. C y top lasm ic m icro tu b u les  and  filam en ts  in  cross section
F ig . 6. B asa l process o f th e  ep ith e lia l cell. T he process co n ta in s m ito ch o n d ria  and
fo rm ing  p rog ranu les
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F ig . 7. Lysosom e-like bodies (L) in  th e  v ic in ity  o f th e  Golgi a p p a ra tu s  (G); M T,
m ic ro tubu le
Fig. 8. P ro g ran u les  (PG) in  th e  b asa l reg ion  of the p ig m en t cell
well developed in cultures tak en  from older em bryos. The epithelium  was 
separated  from  the  underlying connective tissue by a basem ent lam ella 
(Figs 3 and  6). Ju n ctio n al s tructu res (Fig. 4) were observed in the  apical 
region and  consisted of a tig h t junction  and  a zonula adhaerens. Typical 
desmosomes were not present. The epithelial cells showed a certain  po lar­
ity. The basal region of the  cell (Fig. 3) was occupied by  the basal labyrin th  
and  contained m ost of the  m itochondria. The nucleus was found in the 
cen tra l or som ew hat apical region and  the  few ergastoplasm ic cisternae 
were generally located above the  nucleus. The Golgi appara tus could be 
found in the  supra- or paranuclear area. The sm ooth endoplasm ic reticulum  
was not yet developed in these cultures, sim ilarly to  th e  pigm ent epithelium  
of the  in  vivo m aterial. E longated pigm ent granules were sca tte red  in 
the  cytoplasm  b u t they  were fewer in num ber th an  in the original m ate­
rial.
A bout one half of the  epithelial cultures showed some deviations from the 
general p a tte rn  described above. The basal labyrin th  was som etimes u n d er­
developed and  th e  cells sent long basal processes into the  connective tissue 
(Fig. 6). The processes were usually devoid of pigm ent granules and con tain ­
ed m itochondria and  a few E R  cisternae. D isin tegrating  pigm ent granules 
and newly form ed proganules (Figs 6 and 8) were occasionally observed. 
In  abou t one th ird  of all pigm ent cultures, the  epithelial cells contained 
a varying num ber of lysosome-like dense bodies which were o ften  found 
in the  v icin ity  of the  Golgi appara tus (Fig. 7) or filled all free spaces in the 
cytoplasm . I t  m ust be m entioned th a t lysosomes are steady  constituents 
of the  d ifferentiated  pigm ent epithelium  and  p artic ip a te  in the digestion 
of phagocyted ou ter segm ent m aterial of the  photoreceptors.
The above findings indicate th a t the  pigm ent epithelium  can be m ain­
ta ined  successfully in organ culture and about half of the  cultures shows 
a well-preserved norm al appearance of the  epithelium . This was a good 
s ta rtin g  point for the  second p a r t of our investigations in which neural 
re tina  and  pigm ent epithelium  ai’e m ain tained  in organ culture in close 
contact w ith each other. P relim inary  results indicate th a t ou ter segm ents 
will successfully develop when the re tin a  is cu ltured  in contact w ith the 
epithelium . In  contrast, re tinae from which the  pigm ent epithelium  had  been 
previously separated  are practically  void of ou ter segments.
Cultures grown on the  T8 m edium  showed an interesting transform ation  
of th e  pigm ent epithelial cells. The cells becam e more volum inous and  
contained g ian t nucleoli when seen in  the light microscope (Fig. 16). 
The cells frequen tly  proliferated  an d  form ed a m ultilayered epithelium  
(Fig. lc) resem bling the stratified  squam ous epithelium . Basal iaby rin th  
and  apical processes were absent. (Fig. 9); the  sm ooth apical surface bulged 
ou t occasionally to  form  cytoplasm ic blebs apparen tly  separating  itself 
from  the  epithelial surface (Fig. 13). G iant nucleoli (Figs 11 and  12) often  
occupied one th ird  or one h a lf of the  nuclear area, th e  rough E R  cisternae 
were generally degranulated  (Figs 9 and  10) and m any free ribosomes and 
polysomes were found in the  cytoplasm . The la tte r  frequen tly  showed 
a helical configuration (Fig. 9, inlet). The num ber of cytoplasm ic filam ents 
and  m icrotubules g reatly  increased and  large areas of parallel filam ents 
were frequen tly  observed. (Fig. 15). P igm ent granules gradually  disappeared 
from  th e  cells (Fig. 9), m itochondria becam e sm aller and  more num erous.
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F ig . 9. H asal layers o f a  m u ltilay e red  p igm en t ep ithe lium  grow on T8 m edium . T he 
cells a re  devoid  of p igm en t g ranules. M itochondria  a re  re la tiv e ly  sm all, c is ternae  of 
th e  endoplasm ic re ticu lu m  are  d eg ran u la ted  and m an y  helical polysom es a re  seen in 
th e  cy top lasm . B asal lab y rin th  has no t developed. In le t:  helical polysom es in  cells
grow n on T8 m ed ium
Fig. 10. D eg ran u la ted  E R  c is te rnae  and free ribosom es. (T8 m edium )
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Fig. 11. G ian t nucleolus (T8 m edium )
F ig . 12. G ian t nucleolus w ith  h igher m agn ification  (T8 m edium )
F ig . 13. S pherical cy top lasm ic  process a t th e  ap ica l surface of th e  ep ith e liu m  (T8
m edium )
F ig . 14. R e tic u la r  body in  th e  cy top lasm . (T8 m edium ) 
Fig. 15. A ccum ula tion  o f cy top lasm ic  filam en ts (T8 m edium )
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Sometim es bodies of a reticu lar s tru c tu re  appeared  free in th e  cytoplasm  
(Fig. 14), th e ir na tu re  and  origin is unknown.
I t  is surprising to  find such a profound a lteration  of cell fine s tructu re  
in  cultures grown on the  T8 m edium , since Trowell (1959) recom m ended T8 
as a simple, suitable medium  for organ cultures. F ranks (1961) observed 
th a t  th e  p rosta te  epithelium  grown on t lie T8 medium  showed a strik ing 
hyperplasia which was due to  insulin present in the  m edium . Insu lin  has 
been frequen tly  used in tissue cultures to  prom ote cellular proliferation. 
The present fine s tru c tu ra l findings indicate th a t insulin profoundly affects 
regulation of cell m etabolism , possibly in the  D N A -R N A -protein  system . 
F u rth e r studies in th is labora to ry  have been in itia ted  to  analyse the  cel­
lu lar effect o f insulin on different cell types and  w ith  different m ethods.
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T H E  U LTR A STRU CTU RE OF D N P  SYSTEMS IN T ISSU E 
CULTURES AS R E V E A L E D  BY T H E  PO LA RIZA TIO N  M ICROSCOPE
by
M . K e l l b e m a y e b  an d  K . J o b s t
CENTRAL CLINICAL LABORATORY OF THE MEDICAL UNIVERSITY OF PÉCS, HUNGARY
Optical anisotropy, i.e. birefringence, is the  sign of o rien ta ted  s tru c tu ra l 
organization in m acrom olecular systems. This sta tem ent is, however, not 
qu ite  tru e  for all biological structures, e.g. for the  nucleus. On th e  o ther 
hand, it  would no t be righ t if we assum ed th a t there was an  unorien ta ted  
stru c tu re  or substra te  in  the  background of the  elective function of the  nuc­
leus. This is m ade im probable by the weak birefringence of giant chrom o­
somes, sperm s and  some unicellular organisms (Schm idt, 1938; 1941; F rey- 
W yssling, 1943) and  also by the  intensive negative birefringence of DNA, 
the  chief s tru c tu ra l com ponent of isolated nuclear substance (Schm idt, 
1938; Jo b st, 1962).
We approached the  problem  of the  optical isotropy of nuclei from the  
aspect of a special, in term olecular relationship between in tranuclear DNA 
and  protein.
In  con trast to  earlier investigations of th is kind, our present experim ents 
were perform ed on tissue cultures. We used R om hányi’s ‘T P S ’ m ethod, 
i.e. toluidine blue stain ing followed by precipitation (Rom hányi, 1963). 
The preparations were stained  w ith  an  0-1 per cent solution of toluidine 
blue in pH  3-2 veronal buffer for 10 min, then  the  dye was precip ita ted  
w ith  2 per cent potassium  ferricyanide, and the  preparations were m ounted 
in gum arabic. Essentially, we were led by the  observation th a t  the  an i­
so tropy  of s tructu res showing very  mild birefringence in  the  unstained  
s ta te  can be greatly  enhanced by  means of the  o rien ta ted  association of 
certain  dye molecules (W hite and  Elm és, 1952). Thus afte r rivanol or to lu i­
dine blue stain ing followed by p recip ita tion  w ith  potassium  ferricyanide, 
DNA fibres showed a considerably increased birefringence (R om hányi 
and  Jobst, 1957; Jo b st, 1962). Therefore, we assum ed th a t the  dye m ole­
cules were bound to  DNA thus producing in tranuclear DNA anisotropy, 
which, up to  now, had been hard ly  m easurable. This assum ption has now 
been confirmed by  our experim ents.
The present paper is a report on the  polarization optical (PO) observations 
m ade on th e  submicroscopic s tru c tu re  of in tac t cells and  on th a t  of isolated 
nuclei.
The PO m ethod allows the  d irect s tudy  of the  optical properties of cells 
and  nuclei in  in tac t cells of m onolayer cultures, w ithout the  artificial 
effects leading to  anisotropy, and  w ithout previous preparation  or chemical 
fixation. This is an  essential requirem ent because, according to  our obser­
vations, nuclear birefringence is changed fundam entally , though not un i­
formly, by th e  different fixatives (K ellerm ayer and  Jobst, in press). Thus,
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Fig- I
in the  48 to  72-hour cover glass cultures of H eLa cells in terphase nuclei 
as well as m itotic chromosomes become isotropic a fte r fixation w ith  4 or 
10 per cent neu tra l formalin. A fter fixation with 1 per cent osmium on the  
o ther hand, m itotic figures, and  also resting nuclei, become biréfringent. 
Thus, the  two different fixatives produce basically differing PO  pictures. 
The PO pictures were more differentiated in the preparations fixed in a 3 : 1 
m ix ture of alcohol and  glacial acetic acid, and in freeze-dried or only air-dried 
ones. Here, in  agreem ent w ith the  observations m ade on unstained  p rep ara ­
tions, only th e  m itotic figures were biréfringent, while the  in terphase 
nuclei rem ained isotropic (Fig. 1). This birefringence could be followed from  
the  prophase to  the  late  telophase, however, it  d isappeared a fte r separation  
o f th e  d augh ter cells (Kellerm ayer e t al., 1970).
In  preparations of tissue cultures isolated by trea tm en t w ith  hypotonic 
saline and  stained  w ith the  TPS m ethod, the  o rien ta tion  and  s tru c tu re  of 
the  DNA of chromosomes can also be easily studied w ith  the present m ethod 
(Jobst and  K ellerm ayer, in  press).
In  add ition  to  the  PO pictures of the preparations fixed by drying, cvto- 
photom etric m easurem ents also indicated  th a t the  association of the  dye 
molecules in the  DNA of resting nuclei differed from  their association in the 
DNA of m itotic chromosomes. The absorption peak of the  resting nuclei 
stained  w ith the  TPS m ethod was a t 590 m,u, while th a t  of the m etachrom a- 
tic  dividing forms a t  550 vcifi (K ellerm ayer et al., 1970).
Summ ing up: (1) W hen using chemical fixatives one m ust reckon w ith  
subm icroscopic changes in  the  stru c tu re  of nuclear D N P -D N A  system s, 
which can be easily followed by PO m ethods. The freeze-dried or air-dried
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preparations stained  w ith  the TPS m ethod show the  sam e PO  p ictu re as 
th e  nuclei of unstained  preparations. Thereby the  difference in  s tru c tu re  
between resting and m itotic nuclei is reflected also in the  PO picture. T here­
fore, in our fu rther experim ents we only used fixation by drying.
(2) In  addition to  the  condensation and  heterochrom atin ization of the 
chrom atin  substance the  change in stru c tu re  of the D N P -D N A  system , i.e. 
the  birefrigence of dividing nuclei, could be dem onstrated  and  m easured 
polarization optically in the  m itotic phase.
A lthough in  th is case the  PO  m ethod has undoubted ly  dem onstrated  
a basic difference in stru c tu re  betw een resting and  dividing cells, the  m ethod 
failed to  detec t a difference in chrom atin stru c tu re  am ong th e  cells in the 
different phases of the m itotic cycle on the  one hand and  the  chrom atins 
of the  resting nucleus on th e  o ther. On the  basis of the functional differen­
ces betw een condensed heterochrom atin  and  diffuse euchrom atin  (Frenster, 
1965), a difference in th e  s tru c tu ra l organization of DNA inside the  single 
p arts  of the  resting nucleus was to  be assumed. Therefore, we exam ined 
this question more thoroughly  on isolated nuclei.
We isolated thym us lym phocyte nuclei w ith  A llfrey’s m ethod (Allfrey 
e t ah, 1964). In  the  isotonic 0-25 м  sucrose used for isolation the  lym pho­
cytes were isotropic a fte r staining w ith the  TPS m ethod (Fig. 2a). If, 
however, the  nuclei were transferred  into a m edium  of 120 m E q per 1 or 
higher sodium  or potassium  ion concentration, e.g. into H anks’ solution, 
they  would become intensively b iréfringent (Fig. 2b). This phenom enon 
was reversible. W hen placed back in  sucrose, the  biréfringent nuclei again 
became isotropic, and  vice versa (Jobst and Kellerm ayer, 1967). B y way 
of explanation we assum ed th a t, sim ultaneously w ith the  cation concentra­
tion  of th e  surrounding m edium, in tranuclear ion concentration also 
varies. In  response to  this, ion dissociation of D N P takes place, and  the 
DNA molecules are liberated  from  their pro tein  binding, which produces 
an  o rien ta ted  association of the  dye molecules w ith  DNA. Therefore, such
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Jnuclei are biréfringent. In  sucrose, in tranuclear electrolyte concentration 
decreases, and D N P is reconstructed; the nuclei are isotropic.
In  order to  confirm our assum ption we determ ined the  potassium  and 
sodium ion concentration of the nuclei isolated in sucrose and  in H anks’ 
solution. The potassium  and  sodium ion concentrations of the  nuclei 
isolated in H anks’ solution were bo th  higher th an  those in  sucrose; however, 
in con trast to  the  nearly twice as high potassium  ion concentration we 
m easured an  ion concentration 20 tim es as high in the  case of sodium (Table 
1). These d a ta  supported  our assum ption th a t th e  reversible anisotropy 
of isolated lym phocytes can be explained on the basis of the ion concentra­
tion dependent dissociation of D N P.
TAHLB 1
n
fiBq/g dry  weight |tiEq/ml H20 Dry
weight
%Na К Na к
Thymus nuclei in sucrose 26 1 6 -3 1 8 6 - 3 5 - 0 5 9 - 2 2 4 - 2
solution ± 5 - 4 ± 5 0 - 4 ± 1 - 4 ± 1 2 - 3 ± 2 - 5
Thymus nuclei in H anks’ 31 4 6 3 - 6 3 2 1 - 3 1 0 9 - 9 7 7 - 5 1 9 -2
solution ± 1 5 0 - 0 ^ 5 7 - 8 ± 4 3 - 2 ± 8 - 5 ± 1 - 7
Na K, ^E q/m l
Sucrose solution
H anks’ solution 142-140 5-5-4
We did, however, no t succeed in distinguishing a discrete chrom atin 
s tru c tu re  in the  inactive nuclei of lym phocytes. We, therefore, extended 
th e  exam inations to  larger H eL a cells, which were m ore suitable in m any 
respects, and  in which the  isolation of nuclei was perform ed w ith the 0-1
Feulgen Fastgreen pH-21
Control nuclei 
n n =  124
140
per cent non-ionic detergents NP40 
or T riton X100 (Kellerm ayer and 
Jo b st, 1971). In  order to  prepare a 
solution of the detergent, we m ixed 
0-145 M  NaCl and 0-145 м  KCl in 
different proportions with 0-25 м  
sucrose in  such a m anner th a t  the 
concentration of sodium  and p o tas­
sium varied  between 0 and  145 m Eq 
per litre  by a factor of 5 m Eq. A fter 
discarding th e  n u tritiv e  fluid, the 
above-described isolating fluid was 
poured on the  cover glass culture.
Occasionally, the  detergent was d is­
solved in H an k s’ solution. Cytolysis 
was continued a t room tem peratu re 
for 2(1 to  35 min, then  the  prepara- 
tions were rinsed w ith a detergent- 
free solution of the same ion con­
centration, which was followed by 
drying, and  staining w ith  the  TPS 
m ethod.
In  order to  detect a possible in ­
teraction  between the  isolating m e­
dium  and  nucleolar D N P, and  also 
the dissolving effect of th e  former, 
we determ ined the DKA and  to ta l 
p rotein  conten t of the nuclei iso la t­
ed w ith  a detergent. Cvtophoto- 
m etry, according to  Feulgen, show ­
ed th a t the DNA con ten t of the  
nuclei isolated in H anks’ solution 
did not change, b u t th e ir to ta l p ro ­
tein conten t (FG pH 2-1) decreased 
by nearly  60 per cent (Fig. 3).
P o larization  m icroscopy showed 
the  nuclei isolated in  sucrose to  be 
isotropic (Fig. 4a). A fter isolation 
w ith  H an k s’ solution the  whole 
nucleus showed roughly granular, 
intensive birefringence (Fig. 4c).
The PO p icture of the  H eLa 
nuclei observed in the  course of isolation w ith the two different d e te r­
gents was, in every respect, th e  sam e as th a t described in the  lym pho­
cytes: only th e  nuclei isolated in electrolytes, e.g. in H an k s’ solution, 
were biréfringent. We believe th a t  this optical effect is related  to  the 
heterochrom atic s tru c tu re  of the  nucleus. W hen the ion concentration of 
th e  solution was decreased from 144 m E q  per litre to  120 m qE  per litre, the  
PO  p icture did  no t change. On the  o ther hand, between 80 and  100 m E q 
per litre only perinucleolar heterochrom atin  rem ained biréfringent (Fig. 46).
Fig. 4
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iThe PO  p icture showed no a lteration  a fte r RN ase digestion. A fter DNase 
digestion, on the  o ther hand, the birefringence of this special s tru c tu re  
disappeared, which also proves th e  presence of DNP micelles arranged 
circularly round  the nucleoi (Caspersson, 1950; Caspersson et ah, 1963; 
McConkey and  H opkins, 1964; Busch and  Sm etana, 1970). A t cation con­
centrations of 70 and  80 m E q per litre, perinucleolar heterochrom atin  also 
becomes isotropic. However, inside the  nucleus the fine, dust-like b irefrin­
gence, which we identified as th a t  of the  euchrom atin  s tructu res of the nuclei, 
continues to  rem ain  recognizable.
The described PO effect can be equally  elicited w ith  a pure NaCl or KC1 
solution, or a m ix ture of the  two. Thus, it is not the  quality  b u t th e  con­
centration  of th e  cation th a t  is responsible for the  PO change. Below a 
cation concentration of 70 m E q per litre  we saw no birefringence in the iso­
la ted  nuclei: the  whole nucleus was isotropic, like a nucleus isolated in 
sucrose.
To sum  up our PO  observations m ade on isolated nuclei: in the  nuclei 
anisotropy, in  o ther words th e  s tru c tu ra l organization of chrom atin, i.e. 
of D N P-D N A , is a function of the  cation concentration of the  medium 
surrounding th e  nuclei. I t  has been proved th a t  th e  genetic ac tiv ity  of 
these chrom atin  structu res is also a function of the  cation concentration 
of the  milieu (Kroeger, 1963; Lezzi, 1969). As y e t we cannot tell w hether 
or no t there is a relationship betw een the  PO p ictu re observed by  us and 
the  functional d a ta , and  if there is one, w hat it is like. A t any ra te , i t  is 
rem arkable th a t the  cation sensitiv ity  of euchrom atin, which is genetically 
the  m ost active of chrom atins, and  th a t  of perinucleolar heterochrom atin  
are g reater th an  th a t of heterochrom atin. The form er two become biréfrin­
gent a t a lower ion concentration (at 70-110 m E q p er litre) th a n  do th e  inactive 
heterochrom atic s tructu res of the nucleus. These findings also seem to  show 
th a t  there m ust be a difference in the  dissociation constants of the  D N P 
of these nuclear chrom atin  structures.
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U LTR A STRU CTU RE OF PLA N T CELLS GROW ING 
IN  SU SPEN SIO N  CULTURE
by
H . E . S t r e e t , M. R . D a v b y * and  1?. S u t t o n -J o n e s **
BOTANICAL LABORATORIES, UNIVERSITY OF LEICESTER, UNITED KINGDOM
The study  of u ltras tru c tu re  has its greatest in terest when it represents 
a com ponent of a more com prehensive approach to  cellular function. A 
num ber of studies have now been made on the changing p a tte rn s  of growth 
and  of m etabolism  of batch-propagated  p lan t cell suspension cultures 
and hence we can fairly closely correlate features of their fine s tructu re  
w ith th e ir known physiology. This particu larly  applies to  cultures of cells 
of the English sycamore (Acer pseudoplatanus L) which form the  them e of 
the  present paper.
T E C H N IQ U E S  O F  C U L T U R E  A N D  E L E C T R O N  M ICR O SCO PY
Culture techniques, growth patterns and changes in  metabolism. Excised young 
shoots of sycamore transferred  to  the surface o f a suitable solidified medium 
generate a wound callus by proliferation from the  existing cam bium  (Lam ­
port, 1964). This callus can be subcultured  and  m ain tained  indefinitely 
on a synthetic  culture m edium  (S tuart and S treet, 1969). W hen transferred  to  
a  shaken liquid medium this callus readily breaks up to  give a  growing 
suspension culture composed of free cells and  sm all cell aggregates (Henshaw 
e t ah, 1966) and  th is suspension can be grown indefinitely in batch  culture by 
regular subculture. The s tan d ard  batch  culture procedure involves 250 ml 
w ide-m outhed Erlenm eyer flasks containing 70 ml culture medium incubated 
a t 25 °C on a horizontal p latform  shaker (130 r.p.m . 5 cm throw) and  in itia t­
ed by transfer of an aliquot (1-10 ml) of a 28-day-old culture.
The growth of such cultures in term s of increase in cell num ber per u n it 
volum e of culture conforms closely to  the  generalized curve shown in 
Fig. 1. W hen sycamore cultures are in itia ted  a t an  initial cell density  of ca. 
105 cells per ml th e  lag phase is of about 3 days duration, th e  exponential 
phase is tran sien t usually  involving not more th an  a x 4  increase in cell 
num ber and sta tio n ary  phase is reached a fte r 15-20 days of incubation. 
B y sta tio n ary  phase the  cultures contain 3-4 X 10e cells per ml. The average 
volum e per cell is a t  a m inim um  a t th e  end of the short exponential growth 
phase and  reaches its m axim um  value during the  phase of progressive 
deceleration of grow th rate . While cell division is rap id  th e  proportion of
P re se n t addresses:
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/
F ig . 1. M odel cu rve  re la tin g  cell num ber p e r  u n it 
volum e of cu ltu re  to  tim e  in  a  b a tc h  grow n  p la n t 
cell suspension cu ltu re . G row th  phases labelled
the cells in aggregates and the  average num ber of cells per aggregate both  
rise; th e  aggregates break up during th e  phase when cell expansion is 
dom inant and the  s ta tio n ary  phase culture has a high content of free cells. 
D ry  weight per cell also declines during the  phase of rap id  cell division, 
reaches a m axim um  in early  sta tio n ary  phase and  declines if  s ta tionary  
phase is prolonged due to  carbohydrate starva tion . Associated w ith this 
grow th p a tte rn  there are changes, in the  physiological ac tiv ity  of the  cells.
D uring the  lag phase and  overlapping into th e  phase of exponential 
grow th there is progressive rise in the pro tein  content per cell (up to  x  4 
th e  in itia l level of th e  sta tio n ary  phase cells) (Givan and  Collin, 1967) 
and  in R N A  per cell (up to  3-5 the  in itia l level) (Short e t ah, 1969). U n ­
published d a ta  show th a t  peaks of p rotein  and  RNA synthesis occur a t 
this tim e. A t th is stage the  cells are active in amino acid synthesis (Givan 
and  Collin, 1967; Simpkins and  S treet, 1970) and  in the synthesis and 
interconversion of nucleotides (Brown and  Short, 1969). These changes 
are accom panied by  a corresponding rise in 0 2 u p tak e  per cell (Qo2(N) 
rem ains abou t constant). M easurem ents of the  C6/C1 ra tio  (Bloom and 
S te tton , 1953) indicate th a t  during th is initial phase o f culture the  pentose 
phosphate pathw ay  m akes a significant contribu tion  to  th e  to ta l 0 2 up take 
(C6/C1 ratios close to  0-4) whereas in the  la te r phases of the grow th cycle 
of th e  culture th e  0 2 u p take is alm ost entirely  by the  E -M -P  pathw ay 
(C6/C1 ratios close to  unity) (Folwer, 1971). These inferred changes in  the 
ac tiv ity  of these tw o resp irato ry  pathw ays correlate well w ith  the  levels of 
the  key regulatory  enzymes involved (phosphofructokinase, glucose-6- 
-phosphate dehydrogenase and  transketolase). The significance o f the 
pentose pathw ay  m ay be the  production  of the  N A D PH  required for 
biosynthetic reactions, (ap  Rees and Beevers, 1960; R agland  and  H ackett,
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1961). W ork w ith m itochondria isolated from  these cultured cells (Wilson, 
1971) indicates th a t  th ey  change in their sensitiv ity  to  cyanide inhibition as 
culture grow th proceeds, the  cyanide-insensitive com ponent reaching 
a  transien t peak early  in the  grow th cycle when the cells are presum ably 
calling for short carbon skeletons for biosynthesis. The synthesis and  release 
in to  th e  culture medium  of hemicellulose m aterial proceeds m ost actively 
once cell division is in itia ted  and  declines sharply  as the phase of progressive 
deceleration of cell division is approached (S treet et al., 1968).
All these observations indicate an in itial period of intense biosynthesis, 
leading to  a phase of m acrom olecular synthesis and this in tu rn  to  a decline 
in m etabolic activ ity  per cell associated w ith  the  cessation of cell division 
in the cultures. A t this tim e cell expansion becomes dom inant and  associated 
w ith this there occurs a rap id  increase in cell volum e and  an increase, 
while carbohydrate rem ains ex ternally  available, of dry  weight per cell 
(of which starch  becomes an im p o rtan t com ponent). This definable p a tte rn  
o f grow th and  m etabolic activ ity  receives pictorial confirm ation by  the fine 
s tru c tu ra l d a ta  now to  be presented.
Electron microscopy. The cells were collected as an  8 mm layer on a single 
layer of nylon sifting cloth (nylon sh irt m aterial which had been laundered 
several tim es was very satisfactory  !) used to  close one end of a glass ‘transfer 
tu b e ' 16 mm in d iam eter and  50 mm long (Sutton-Jones and  S treet, 1968). 
The drained cells were subm itted  to  fu rther trea tm en ts  by  standing the  
transfer tu b e  in flat-bottom ed specimen tubes (8 0 x 2 2  mm) containing 
fixative, dehydrating  and  im pregnating solution. Cells were pre-fixed in 
0-6 per cent glu taraldehyde in 0-1 м  sodium cacodylate (pH  7-2) for 16 h 
washed w ith  cacodylate buffer and  post-fixed in 1 per cent osmium 
tetrox ide for 1-5 h a t pH  7-2. A fter a second 30-min wash dehydration  was 
effected using graded ethanol/w ater m ixture, followed by  em bedding in 
m ethacry latestyrene (Mohr and Cocking, 1968). During the  final d eh y d ra ­
tion  stage, the  m aterial was pre-stained in a millipore filtered solution of 
1 per cent u ranyl aceta te  in absolute ethanol for 1 h. F ixation  and d ehydra­
tion  was carried out a t 4 °C. Following infiltration, cells were transferred  
to  No. 2 size gelatin capsules (Parke-D avis L td .), polym erized a t  55 °C 
and sectioned in a Tesla U ltram icrotom e BS 490 w ith glass knives. Sections 
were collected on celloidin-coated Polaron  C2000 copper grids, stained 
w ith  R eynolds’ lead c itra te  for 5 m in and  exam ined in a Siemens 
Elm iskop 1A electron microscope, using an  accelerating voltage of 80 k, 
a 200 pm  condenser apertu re  and  a 50 pm  objective apertu re  (Davey and  
S treet, 1971). P rio r to  th e  developm ent of th is technique arald ite  was used 
as the  em bedding medium  (Sutton-Jones and  S treet, 1968); the use of 
m ethacrv late-styrene considerably shortened the  im pregnation phase and  
th e  sections so prepared  gave b e tte r  con trast on staining.
T H E  F IN E  ST R U C T U R E  O F T H E  C EL L S O F 
SYCAM ORE S U S P E N S IO N  C U L T U R E S
The sta tio n ary  phase cells used to  in itia te  the  cultures are highly vacuolated; 
th ey  have a large cen tral vacuole and  o ften  sm aller vacuoles w ithin the  
cytoplasm . The cytoplasm  forms a th in  peripheral lining w ithin the  cellulose
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P la te  1. S tru c tu re  o f s ta tio n a ry  phase  cells used to  in itia te  cu ltu res. A , 28-day  cells— 
n o te  lobed nucleus, large ce n tra l vacuole; B , D etail o f cy top lasm ic lin ing  o f ea rly  
s ta tio n a ry  phase cell (21 days); C, P las tid s  packed  w itli s ta rch  gra ins; D , M ultivesicu lar
body; E , M icrobodies
K ey. cr, cry sta llo id  o f m icrobody; cw, cell w all; er, endoplasm ic re ticu lu m ; m , m ito ­
chond ria ; m b , m icrobody ; n, nucleus; p, p la s tid ; p r, p ro te in  or lipid body; re r , rough  
endoplasm ic re ticu lu m  (show ing ribosom es); sg, s ta rch  g ra in ; t, to n o p last; v, vacuole
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ceil wall (P late 1A). The nuclei are extensively lobed (P late 1A and B) and  
organelles ten d  to  be concentrated in the  cytoplasm  ad jacen t to  the  nucleus; 
m itochondria along w ith o ther organelles often  occur w ithin the  nuclear 
invaginations. Organelles occur a t relatively low density. The m itochondria 
are m ainly of the light m atrix  type. Ribosomes are associated w ith the 
sparse endoplasm ic reticulum  profiles, some are organized into small 
polysomes. Golgi bodies are sca tte red  in the  cytoplasm . Large am yloplasts 
are also usually  present (P late 1C). There can usually be observed pro tein  or 
lipid bodies (2-4 /лn  diam.) and  m ultivesicular bodies (P late ID  and  P la te  
4A) corresponding to  those described by  Jensen (1965). One organelle which is 
p rom inent in the  sta tio n ary  phase cells and which declines m arkedly in frequen­
cy during lag phase and reappears again as s ta tionary  phase is approached is the  
crystalloid microbody, 0-5-1-0 pm  diam. (P late IE). The stru c tu re  of these 
microbodies, which contain a characteristic crystalloid and are bounded 
by a un it m em brane, has been previously described in some detail (Davey 
and  S treet, 1971). Such bodies have been observed in m any different 
p lan t cells and  in cells from  suspension cultures of Eucalyptus camaldulensis 
(Cronshaw, 1964). In  contrast to  the  crystals of anim al microbodies (H ruban 
and  Recheigl, 1969), the  po lv tubu lar lattice here appears to  be an open 
stru c tu re  in which the tubules do not form wall of a large central tubule. 
The function of these microbodies is uncertain  b u t they  seem to be charac­
teristic  of ‘aged’ cells and  Frederick and Newcomb (1969) have suggested 
th a t the  crystalloid is a catalase deposit. They m ay, however, contain 
reserve proteins.
D uring lag phase, p repara to ry  to  the  onset of cell division, there is a 
massive increase in the  volum e of cytoplasm  per cell and associated w ith th is 
the  developm ent of transvacuolar strands of cytoplasm  and  large increases 
in  the num bers of m itochrondria, ribosomes, ER  profiles, Golgi bodies and 
plastids. D um bel-shaped m itochondria have been observed suggesting 
m itochondrial division. Cristae are narrow  and  clearly defined. P roplastids 
as well as am yloplasts are always observed. E R  m em branes often show 
strik ingly  parallel arrangem ent (P late 2B). Golgi bodies are surrounded by 
clusters of Golgi vesicles (P late 3B). Ribosomes occur all along the  E R  
profiles (P late  IE  and  P la te  2B) and polysomes seem to involve large 
num bers of ribosomes.
Cell division involves segm entation of th e  initial cells in to  2, 4 or 6 cells 
initially  re ta ined  w ith in  the old cell wall; the  daugh ter cells although each 
bounded by a com plete new wall are for a tim e enclosed w ith in  the  p aren t 
wall of the  inoculum  cell (P late 2D). This p a ren t wall is then  ru p tu red  and 
the aggregate of new cells released; during this process the  breaking wall 
m ay become teased out to  show its m icrofibrillar s tru c tu re  (Sutton-Jones 
and S treet, 1968). P rep ara to ry  to  cell division the nuclei round  off and  
a protoplasm ic bridge (a phragmasome) is developed across th e  cell, into 
which the nucleus m igrates (P late 2A). D uring the  tran sien t period of 
exponential growth, m any cells are observed in m itosis (P late 2C). The 
cell p late  develops between th e  two daugh ter nuclei and  spreads laterally  
to  divide the  cell (P late  ЗА). Golgi bodies aggregate in the  region of cell 
p la te  form ation and  the p la te  appears to  arise by fusion of Golgi vesicles, 
th e ir m em branes fusing to  form the  plasm alem m ae of the  daugh ter cells 
(P late ЗА and  P la te  3B). M icrotubules are prom inent, presum ably corre-
149
150
sponding to  the spindle fibres (P late  3C). M icrotubules can also o ften  be 
observed ad jacent to  the  cell walls (P late 3D) and m ay be involved in 
th e  synthesis of new wall m aterial. The newly form ed wall between the 
d augh ter cells follows a  characteristic zig-zag course (P late  4A).
W ith the continuation  of cell division, aggregates build  up in  which the 
cells are in terconnected by  plasm adesm ata (P late 4B). C haracteristic in ternal 
wall thickenings, on the  walls delim iting the  surface of th e  aggregate in 
con tac t w ith the  m edium, are o ften  to  be observed. These thickenings are 
commonly ridge-like (P late 4E) b u t in some cases take  the  form of a labyrin th  
o f m icrofibrillar m ateria l connected to  the  original cell wall by  arm-like 
processes. The cytoplasm  ad jacen t to  these thickenings is usually  rich in 
Golgi bodies and  in electron opaque globules (Golgi vesicles?). The signifi­
cance of these wall thickenings is uncertain . They resem ble wall m odifica­
tions observed by  Bowes (1969) in callus o f Andrographis paniculata  and 
the  wall invaginations of ‘tran sfer’ cells (Gunning et ah, 1968; Gunning and 
P ate , 1969). They m ay, therefore, serve to  greatly  increase th e  plasm alem m a 
area over which solute transfer occurs between the  aggregate and  its 
bath ing  medium.
As cell division ra te  declines rapidly  and  the  culture approaches its 
s ta tio n ary  phase, the  cells enlarge and  the aggregates break  up. As this 
occurs the  central vacuole comes to  occupy an increasing proportion of the 
cell volume, organelles w ith the  exception o f microbodies become less 
ab undan t and the  nuclei take on their highly lobed appearance. Some 
m itochondria show swollen cristae and  an electron opaque m atrix . S tarch 
which m ay have been sparse during the  phase of rap id  cell division again 
accum ulates in the  am yloplasts (although it  does no t persist if subculture 
is delayed and  the  cells draw  upon their endogenous carbohydrate  reserve). 
As cells en ter s ta tio n ary  phase structu res which we have term ed  param ural 
bodies and  which m ay have th e ir origin in invaginations of the  plasm alem m a 
(plasm alem m asom es-M archant and  R obards, 1968) can ö fte r be observed 
associated w ith the  in terna l surface of the  cell walls (P late 4C and  P la te  
4D). I t  m ay be th a t it is from  these structu res th a t  th e  m ultivesicular 
bodies arise and  these la tte r  are also seen ad jacen t to  the  vacuole in cells 
entering sta tio n ary  phase. The function of these param ural and  m ulti­
vesicular bodies rem ains obscure.
The plastids are oval or elongated and  occasionally cup-shaped and  often  
resemble the  m itochondria in size (P late 5A). They contain a poorly dif-
P la te  2. Cell d iv ision  an d  cell sep a ra tio n . A , Tw o d au g th e r cells show ing new  cell 
w all passing  along line o f ph ragm asom e; B, A reg ion  o f th e  cy top lasm  in  a  cell from  
an  ac tiv e ly  d iv id ing  cu ltu re  show ing profiles o f rough  endoplasm ic re ticu lu m  p ara lle l 
to  th e  cell w all; C, Cell in  m e tap h ase  of m itosis; D, S ep ara tio n  of d au g h te r cells still 
enclosed w ith in  th e  old w all o f th e  s ta tio n a ry  phase  cell
К ey. cr, chrom osom es; cs, cy top lasm ic  s tra n d s  crossing vacuole; cw, cell w all; dw , 
w all o f d a u g th e r  cells; go, Golgi body ; m , m itochondrion ; m f, m icro fib rilla r m a te ria l 
teased  o u t as cell w alls sep a ra te ; n , nucleus; ph , ph ragm asom e con ta in ing  new  cell 
w all; pw , w all o f ‘p a re n t’ (s ta tio n a ry  phase  cell); re r , rough  endoplasm ic re ticu lum ; 
sp , sp indle
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P la te  3. Cell p la te  fo rm ation . M icro tubules. A , A cell o f an  aggregate  in th e  process 
o f cytokinesis. Cell p la te  develop ing  betw een  d au g h te r nuclei; B, H igher pow er in 
reg ion  o f cell p la te  fo rm ation . M any ribosom es p resen t; C, M icro tubules passing  th rough  
g ap s in  cell p la te ; D , M icro tubule  p a ra lle l to  cell w all 
K ey. cp, cell p la te ; er, endoplasm ic re ticu lum ; go, Golgi body; m t, m ic ro tu b u le ; 
n, nucleus; p r, polyribosom e; sg, s ta rc h  gra ins; v, vacuole
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P la te  4. Cell w alls and  associated  s tru c tu re s . A, W av y  new ly form ed cell w all; 
B , P lasm ad esm ata ; C and  D , P a ra m u ra l bodies; E , Peg-like in te rn a l p ro jec tions 
d irec ted  inw ards on  ex te rn a l cell w alls o f cell aggregates 
K ey. cw, cell w all; go, Golgi body; m , m itochondrion ; m vb , m u ltiv esicu la r body; 
n , nucleus; p a , p la sm ad esm ata ; rer, ro u g h  endoplasm ic re ticu lu m ; sg, s ta rch  gra ins;
V, vacuole
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feren tiated  lam ella and  vesicle system  and  globules (which are larger and  
less electron dense th an  the  osmophilic globules of chloroplasts) (P late  
5C). The plastids increase enorm ously in size when swollen w ith  starch  
grains (P late  1C). Occasional inclusions in the  plastids strongly suggestive 
of phy to ferritin  (Hyde e t al., 1963) have been observed (P late  5D). The 
presence of 2,4-dichlorophenoxyacetic acid (2,4-D) a t 1 mg p er litre  in  our 
s tan d ard  culture m edium  effectively suppresses chloroplast developm ent 
even when th e  cultures are incubated  in the  light. I f  however, we replace 
the  2,4-D by  2-5 mg per litre  cc-naphthalene acetic acid (NAA) and  culture 
a t a  fluourescent light in tensity  of ca. 11,000 lux, the  suspension becomes 
green. I n  such a suspension some of the  cells contain well differen­
tia ted  chloroplasts (P late  5B), b u t the  same cells also contain undiffer­
en tia ted  plastids, and m any cells rem ain hyaline.
The cells so far described were from  cultures grown in a medium  con tain ­
ing an in itia l concentration of sucrose of 2 per cent; this medium  becomes 
depleted of sugar by day  18-20 of incubation under the  conditions of culture 
described. W ith  the  exception of the  in ternal wall projections reported  to  
occur w ithin the  boundary  walls of the  cell aggregates, and  less frequent 
projections on walls w ithin aggregates, the  cell walls of suspension-grown 
sycam ore cells rem ain th in ; th ey  lack a defined secondary wall. The cells 
expand b u t do no t em bark upon a  recognizable pathw ay  of d ifferentiation 
(leaving aside here the  very  im portan t problem  of chloroplast differentia­
tion  which we have discussed elsewhere) (Davey et al., 1971). The cultures 
do, however, lose considerable am ounts of hemicellulose to  th e ir culture 
medium  (Street e t al., 1968), and  by enhancing the  in itia l levels in  the  
culture m edium  of sucrose (concentrations up  to  15 per cent will support 
growth) and  o f auxin (2,4-D up to  10 mg per litre) it has been shown th a t  the 
cultures produce considerable am ounts of lignin (Carceller e t al., 1971). 
There is, however, no associated secondary wall form ation or cell wall 
lignification. The lignin is p a rtly  re ta ined  w ithin the cell protoplasts, 
p a rtly  deposited between cells associated in aggregates and  p artly  released 
into the  m edium  as th in  plates of m aterial. W hen cells active in lignin 
form ation are exam ined in the  electron microscope plates of electron opaque 
m aterial betw een the  cells are observed (P late  6C) and  dense globules are 
being secreted into the  vacuoles v ia the tonop last (P late 6A and  P la te  6B). 
These can be in terp re ted  as corresponding respectively to  th e  extra- and  
in tracellu lar lignin. The cultured  cells can apparen tly  synthesise the  
m atrix  m aterial (‘hemicellulose’) and  the  lignin b u t no t th e  cellulose 
fram ew ork for a secondary wall.
P la te  5. V arious aspects o f p las tid  m orpho logy  observed in  cells on th e  14th d ay  of 
cu ltu re . A, P la s tid s  w ith  poorly  developed lam ella  system  and  show ing deep in v ag i­
n a tio n s; B , A ch lo rop last in  cells cu ltu red  w ith  2 5 m g per litre  NAA in s tead  of 
1-0 m g p e r litre  2,4-D as aux in ; C, A p las tid  in  a  colourless cell from  a cu ltu re  
w ith  2-S m g  per litre  NAA in s tead  of 1-0 m g p e r litre  2,4-D  as au x in ; D , P h y to ­
fe rritin  aggregate  in th e  s tro m a  o f a p las tid  
K ey . g, g ranum ; gl, g lobule in  s trom a; 1, lam ellae; sg, s ta rc h  g ra in
P la te  6. Cells know n to  be p roducing  lignin. A , Cell show ing app ea ran ce  o f e lec tron  
dense g lobules in  c e n tra l vacuoles; B , H igher pow er show ing clustering  o f e lec tron  
dense g lobules a t  to n o p last, C, P resence o f p la te s  o f e lec tron  dense m a te ria l in in te r­
ce llu lar spaces w ith in  a  cell aggregate
K ey . cw, cell wall; dg, e lec tron  dense globules; dp , e lec tron  dense p la te s ; is, in te rce llu ­
la r space; m , m itochond rion ; n , nucleus; t , ton o p last; v, vacuole
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DISCUSSION
Some aspect of the fine s tru c tu re  of sycam ore cells growing in suspension 
culture have also been reported  by R oberts and N orthcote (1970). Their 
observations confirm these now reported  particu larly  in regard  to  phrag- 
inosome and  cell plate developm ent, and w ith regard to  the  occurrence 
of microbodies and of phytoferritin  in the  plastids.
O ther studies are m ainly re la ted  to  the fine s tructu re  of callus cultures 
growing in  solid media. Such studies reveal a close sim ilarity  between 
suspension cu ltured  cells and  the  cells responsible for the  grow th of und if­
feren tiated  calluses (Davey, 1970). There is clearly a  close sim ilarity  between 
the s tructu re  of cultured p lan t cells and  th a t of parenchym atous cells develop­
ing im m ediately behind the  apical m eristem s of shoots and roots. However, 
and  th is applies particu larly  to  highly dispersed suspension cultures like 
those of sycamore, such cultured  cells do not follow the  specific pathw ays 
of differentiation which lead to  the  emergence of the characteristic tissue 
cells of higher p lants. We have referred to  two examples, in a cell suspension, 
of aberran t ra th e r th an  norm al differentiation, lignin synthesis (Carceller 
e t ah, 1971) and  greening (Davey e t ah, 1971). F u rth er work is needed to  
expose the  missing regulatory  factor(s) in such cases; and in this electron 
microscopy is going to  be essential to  describe the abnorm ality  a t the  
s tru c tu ra l level and  to  recognize any  modifications which norm alize the 
differentiation pathw ay  .
H itherto , we have in our studies w ith  cell suspension been confined 
to  cells p ropagated  by  ba tch  culture. Cells, so cultured, are in  a continuous 
s ta te  of change. R ecently  successful techniques of open continuous culture 
have been developed (Wilson et ah, 1971) and have m ade possible the 
achievem ent of steady  states of grow th and  metabolism . Such steady  
states can be achieved over a wide range of grow th rates and  nu tritiona l 
conditions and  the  cells in these different steady  sta tes are strongly  co n tra st­
ed in cell size, cellular com position and  physiological ac tiv ity . G reat in terest 
will now a tta c h  to  fine s tru c tu ra l studies on such steady  s ta te  cultures 
and  on th e  sequence of s tru c tu ra l changes which occur when the  culture is in 
transition  from  one steady  s ta te  to  another.
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